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Sir/Madam: 

Jonathan W. Nyce, Ph. D., hereby declares as follows. 

(1) I am the sole inventor in the above-identified application. 

(2) I have read the above-identified patent application and the Office Actions of 
June 5, 1996 ("first Action"), and February 28, 1997 ("final Action"), and understand their 
contents. In the fu-st Action, claims 1-34 were rejected under 35 USC^l 12, first paragraph, 
because, allegedly, the specification is not broadly enabling of methods for reducing or 
treating bronchoconstriction. 

(3) Qbiective 

The present work was conducted to demonstrate that the present invention is broadly 
applicable to anti-sense oligonucleotides ("oligos") specific to adenosine receptor mRNAs, 
as exemplified by the adenosine Ai, A^, and Aj receptor mRNAs. 

(4) Development 

The following experimental studies were conducted by me, or under my supervision, 
to show that the method of the invention is broadly suitable for use with anti-sense oligos 
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designed as taught by this application and targeted to any and all adenosine receptor 
mRNAs. 

Anti-sense Oligo I was disclosed in the above-identified patent application. For the 
present work, I designed 5 additional anti-sense phosphorothioate oligos, one oligo targeted 
to the adenosine Ai receptor (Oligo II), one oligo targeted to the adenosine Azb receptor 
(Oligo V), and two oligos targeted to the adenosine Ag receptor (Oligos HI and IV), and one 
anti-sense phosphodiester oligo (Oligo I-PD) having the same sequence as Oligo I, as 
described in the above-identified patent application. These anti-sense oligos were designed 
for therapy on a selected species as described m the above patent application and are 
generally specific for that species, unless the segment of the adenosine receptor mRNAof 
other species elected happen to have similar sequences. All anti-sense oligos were prepared 
as described below, and tested in vivo in a rabbit model for bronchoconstriction, 
inflammation and allergy, which have breathing difficulties and impeded lung airways, as 
is the case in aihnents such as asthma, as described in the above-identified application. 



(5) Methods 
(a) Anti-sense DNA 

Six oligos and their effects in a rabbit model were studied and the results of these 
studies are reported and discussed below. Five of these oligos were selected for this study 
to complement the data on SEQ ID NO: 1 (Oligo I), which is anti-sense to the adenosine 
Ai receptor mRNA provided m the above-identified patent application. The six new oligos 
are identified as anti-sense Oligos I (SEQ ID NO: 1) and H (targeted to a different region 
of the adenosine Aj receptor mRNA), Oligo V (targeting the adenosine Azb receptor 
mRNA), and anti-sense Oligos HI and IV (targeting two different regions of the adenosine 
Aj receptor mRNA. The sixth oligo (Oligo I-PD) is a phosphodiester version of Oligo I 
(SEQ. ID N0:1). The design and synthesis of these anti-sense oligos was performed in 
accordance with the teachings of the above-identified patent application, particularly of 
Example 1. 

(I) Anti-sense Oligo I : The above-identified application 
disclosed anti-sense oligonucleotide I to the human Ai 
adenosine receptor mRNA (EPI 2010; SEQ. ID NO: 1). 



2 



USN 08/472,527 



PATENT 



Anti-sense oligo I is 21 nucleotide long, overlaps the initiation 
codon, and has the following sequence. C 
5'- GAT GGA GGG CGG CAT GGC GGG -3' 

The oligo I was previously shown to abrogate the adenosine-induced 
bronchoconstriction in allergic rabbits, and to reduce allergen-induced 
airway obstruction and bronchial hyperresponsiveness (BHR). See 
Nyce, J. W. & Metzger, W. J., Namre, 385:721 (1977), a copy of 
which is enclosed. 

(II) Anti-sense Oligo II: A phosphorothioate anti-sense 
oligo (EPI 2014) was designed in accordance with the 
invention to target the rabbit adenosine Aj receptor mRNA 
region +936 to -1-956 relative to the initiation codon (start 
site). The anti-sense oligo U is 21 nucleotide long, and has 
the following sequence. 

5'-CTC GTC GCC GTC GCC GGC GGG-3' 

(III) Anti-sense Oligo III: A phosphorothioate anti-sense 
oligo (EPI 2046) was designed in accordance with the 
invention to target the anti-sense A3 receptor mRNA region 
-f 3 to + 22 relative to the initiation codon start site. The 
anti-sense oligo EH is 20 nucleotide long, and has the 
following sequence. 

GGG TGG TGC TAT TGT CGG GC-3' 

(IV) Anti-sense Oligo IV: A" phosphorothioate anti-sense 
oligo (EPI 2047) was designed in accordance with the 
invention to target the adenosine A3 receptor mRNA region -t- 
386 to + 401 relative to the initiation codon (start site). The 
anti-sense oligo IV is 15 nucleotide long, and has the 
following sequence. 

5 '-GGC CCA GGG CCA GCC-3' 

(V) Anti-sense Oligo V: A phosphorothioate anti-sense 
oligo (EPI 2099) was designed in accordance with the 
invention to target the adenosine Azb receptor mRNA region 
-21 to -1 relative to the initiation codon (start site). The anti- 
sense oligonucleotide V is 21 nucleotide long, and has the 
following sequence. 

5 '-GGC CGG GCC AGC CGG GCC CGG-3' 

(VI) Ai Mismatch Oligos: Two different mismatched 
oligonucleotides having the following sequences were used as 
controls for anti-sense oligo I (SEQ. ID NO: 1) described m 
(a) above. 

A, MM 5 '-GTA GGT GGC GGG CAA GGC GGG-3 ' 
A, MM2 5'-GAT GGA GGC GGG CAT GGC GGG-3' 
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Anti-sense oligo I and the two mismatch anti-sense oligos had 
identical base content and general sequence strucmre. 
Homology searches in GENBANK (release 85.0) and EMBL 
'(release 40.0) indicated that the anti-sense oligo I was 
specific, not only for the human, but also for the rabbit, 
adenosine A, receptor genes, and that the mismatched controls 
were not candidates for hybridization with any known human 
or animal gene sequence. 



(VII) Anti-sense Oligo Ai-PD: A phosphodiester anti-sense 
oligo having the same nucleotide sequence as Oligo I was 
designed as disclosed in the above-identified application. 
Anti-sense oligo I-PD is 21 nucleotide long, overlaps the 
initiation codon, and has the following sequence. 

5'- GAT GGA GGG CGG CAT GGC GGG -3' 
(VIII) Controls: Each rabbit was administered 5.0 ml aerosolized sterile 
saline following the same schedule as for the anti-sense oligos in (11), 
(III), and (TV) above. 

(b) Synthesis of Anti-sense Oligos 

Phosphorothioate anti-sense oligos having the sequences described in (a) above, were 
synthesized on an Applied Biosystems Model 396 Oligonucleotide Synthesizer, and purified 
using NENSORB chromatography (DuPont, DE). TETD (tetraethylthiuram disulfide) was 
used as the sulfurizing agent during the synthesis. Anti-sense oligonucleotide H (EPI 2014), 
anti-sense oligonucleotide m (EPI 2046) and anti-sense oligonucleotide IV (EPI 2047) were 
each synthesized and purified in this manner. 

(c) Preparation of Allergic Rabbits 

Neonatal New Zealand white Pasturella-free rabbits were immunized 
intraperitoneally within 24 hours of birth with 0.5 ml of 312 antigen units/ml house dust 
mite (p.farinae) extract (Berkeley Biologicals, Berkeley, CA) mixed with 10% kaolin as 
previously described (Metzger, W. J. In: Late Phase Allergic Reactions, (Dorsch, W., Ed.) 
CRC Handbook, pp 347-362, CRC Press, Boca Raton, 1990; Ali, S., Metzger, W. J. and 
Mustafa, S. J., Am. J. Resp. Crit. Care Med. 149, 908, 1994). Immunizations were 
repeated weekly for the first month and then biweekly until the age of 4 months. These 
rabbits preferentially produce allergen-specific IgE antibody, typically respond to 
aeroallergen challenge with both an early and late-phase asthmatic response, and show 
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bronchial hyper responsiveness (BHR). Monthly intraperitoneal administration of allergen 
(312 units dust mite allergen, as above) continues to stimulate and maintain allergeit^specific 
IgE antibody'and BHR. At 4 months of age, sensitized rabbits were prepared for aerosol 
administration as described by Ali et al. (199 J (Ali, S., Metzger, W. J. and Mustafa, S. 
J., Am. J. Resp. Crit. Care Med. 149 (1994)). 



(d) Dose-response Studies 

(!) Experimental Setup 

Aerosols of either adenosine (0-20 mg/ml), or anti-sense or one of two mismatch 
oligonucleotides (5 mg/ml) were separately prepared with an ultrasonic nebulizer (Model 
646, DeVilbiss, Somerset, PA), which produced aerosol droplets, 80% of which were 
smaller than S/xm in diameter. Equal volumes of the aerosols were administered directly to 
the lungs via an intratracheal tube. 

The animals were randomized, and administered aerosolized adenosine. Day 1 pre- 
treatment values for sensitivity to adenosine were calculated as the dose of adenosine causing 
a 50% loss of compliance (PQo Adenosine); The animals were then administered either 
the aerosolized anti-sense or one of the mismatch anti-sense oligos via the intratracheal mbe 
(5 mg/1.0 ml), for 2 minutes, twice daily for 2 days (total dose, 20 mg). Post-treatment 
PC50 values were recorded (post-treatment challenge) on the morning of the third day. The 
results of these studies are provided in (6)(a)(iii) below. 

(ii) Crossover Experiments 

For some experiments utilizing anti-sense oligo I (SEQ ID NO: 1) and a 
corresponding mismatch control oligonucleotide AIMM, following a 2 week interval, the 
animals were crossed over, with those previously administered the mismatch control AiMM, 
now receiving the anti-sense oligo I, and those previously treated with the anti-sense oligo 
I, now receiving the mismatch control AiMM oligo. 

The number of animals per group was as follows. For mismatch AiMM (control 1), 
n=7, since one animal was lost in the second control arm of the experiment due to technical 
difficulties, for mismatch AiMM2 n=4 (control 2) and for AjAS anti-sense oligo I, n=8. 
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The AiMM2 oligo-treated animals were analyzed separately and were not part of tjiecross- 
over experiment. The treatment methods and measurements employed following the cross- 
over were identical to those employed in the first arm of the experiment. 

In 6 of the 8 animals treated with the anti-sense oligo I (SEQ. ID NO: 1), no PC50 
value could be obtained for adenosine doses of up to 20 mg/ml, which is the limit of 
solubility of adenosine. Accordingly, the PCjo values for these animals were assumed to be 
20 mg/ml for calculation purposes. The values given, therefore, represent a minimum figure 
for the effectiveness of the anti-sense oligonucleotides of the invention. Odier groups of 
allergic rabbits (n=4 for each group) were administered 0.5 or 0.05 mg doses of the anti- 
sense oligo I (AiAS; SEQ ID NO: 1), or the AjMM oligo in the manner and according to 
the schedule described above (the total doses being 2.0 or 0.2 mg). The results of these 
studies are provided in (6)(a)(iv) below. 



(e) Anti-sense Oligo Formulation 

Each one of anti-sense oligos were separately solubilized in an aqueous solution and 
administered as described for anti-sense olig9 I in (e) above, in four 5 mg aliquots (20 mg 
total dose) by means of a nebulizer via endotracheal tube, as described above. 

The results obtained for anti-sense oligo I and its mismatch controls confumed that 
the mismatch controls are equivalent to saline, See, Table 1 of Nyce & Metzger, Namre 
385, 721-725, 1997. Because of this finding, saline was used as a control for puhnonary 
function studies employing anti-sense oligos H, EI and IV. 



(f) Specificity of Oligo I 

for Adenosine A, Receptor 
(Receptor Binding Studies) 

Tissue from airway smooth muscle was dissected to primary, secondary and tertiary 
bronchi from rabbits which had been administered 20 mg oligo I (A, AS; SEQ ID NO: 1; 
EPI 2010) in 4 divided doses over a period of 48 hours as described above. A membrane 
fraction was prepared according to the method of Ali et al. See, Ali, S., et al.. Am. J. 
Resp. Crit. Care Med. 149,: 908 (1994). 
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The protein content was determined by the method of Bradford and plasma 
membranes were incubated with 0.2 U/ml adenosine deaminase for 30 minutes at 37°C to 
remove endogenous adenosine. See, Bradford. M. M. Anal. Biochem. 72, 240-254 (1976). 
The binding of pH]DPCPX, [3H]NPC1773 1 . or pH]CGS-21680 was measured as described 
by Jarvis et al. See. Jarvis. M.F.. et al.. Pharmacol. Exptl. Ther. 251, 888-893 (1989). The 
results of this study are shown in Table 1 and discussed in (6)(a)(ii) below. 

(g) Pulmonary Function Measurements 
(Compliance Cdyn and Resistance) 

At 4 months of age, the immunized animals were anesthetized and relaxed with 1.5 
ml of a mixmre of ketamine HCl (35 mg/kg) and acepromazine maleate (1.5 mg/kg) 
administered intramuscularly. After induction of anesthesia, allergic rabbits were 
comfortably positioned supine on a soft molded animal board. Salve was applied to the eyes 
to prevent drying, and they were closed. The animals were then inUibated with a 4.0 mm 
intermediate high-low cuffed Murphy 1 endotracheal tube (Mallinckrodt, Glen Falls, NY), 
as previously described by Zavala and Rhodes. See, Zavala and Rhodes, Proc. Soc. Exp. 
Biol. Med. 144: 509-512 (1973). A polyethylene catheter of OD 2.4 mm (Becton 
Dickinson, Clay Adams, Parsippany NJ) with an attached thin-walled latex balloon was 
passed into the esophagus and maintained at the same distance (approximately 16 cm) from 
the mouth throughout the experiment. The endotracheal mbe was attached to a heated 
Fleisch pneumotach (size 00; DEM Medical, Richmond, VA), and the flow (v) measured 
using a Validyne differential pressure transducer (Model DP-45-16-1927, Validyne 
Engineering, Northridge, CA), driven by a Gould carrier amplifier (Model 1 1-4113, Gould 
Electronics, Cleveland, OH). 

An esophageal balloon was attached to one side of the Validyne differential pressure 
transducer, and the other side was attached to the outflow of the endotracheal tube to obtain 
transpulmonary pressure (P^,). The flow was integrated to yield a continuous tidal volume, 
and the measurements of total lung resistance (RJ and dynamic compliance (CdyJ were made 
at isovolumetric and zero flow points. The flow, volume and pressure were recorded on an 
eight channel Gould 2000 W high-frequency recorder and C<jy„ was calculated using the total 
volume and the difference in P^ at zero flow, and . R, was calculated as the ratio of Ftp and 
V at midtidal lung volumes. These calculations were made automatically with the Buxco 
automated puknonary mechanics respiratory analyzer (Model 6, Buxco Electronics, Sharon, 
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CT), as previously described by Giles et al. See, Giles et al., Arch. Int. Pharmacodyn. 
Ther. 194: 213-232 (1971). The results obtained upon administration of oligo n on allergic 
rabbits are shown and discussed in (6)(b) below. 



(h) Measurement of Bronchial Hyperresponsiveness (BHR) 

Each allergic rabbit was administered histamine by aerosol to determine their 
baseline hyperresponsiveness. Aerosols of either saline or histamine were generated using 
a DeVilbiss nebulizer (DeVilbiss, Somerset, PA) for 30 seconds and then for 2 minutes at 
each dose employed. . The ultrasonic nebulizer produced aerosol droplets of which 80% 
were <5 micron in diameter. The histamine aerosol was administered in increasmg 
concentrations (0.156 to 80 mg/ml) and measurements of puhnonary function were made 
after each dose. The B4R was then determined by calculating the concentration of histamine 
(mg/ml) required to reduce the Qyn 50% from baseline (PCjoHutainine)- 



(i) Cardiovascular Effect of Anti-sense Oligo I 

The measurement of cardiac output and other cardiovascular parameters using 
Cardiomax™ utilizes the principal of thermal dilution in which the change in temperature of 
the blood exiting the heart after a venous injection of a known volume of cool saline is 
monitored. A single rapid injection of cool saline was made into the right atrium via 
cannulation of the right jugular vein, and the corresponding changes in temperature of the 
mixed injectate and blood m the aortic arch were recorded via cannulation of the carotid 
artery by a temperamre-sensing miniprobe. 

Twelve hours after the allergic rabbits had been treated with aerosols of oligo I (EPI 
2010; SEQ. ID NO: 1) as described in (d) above, the animals were anesthetized with 0.3 
ml/kg of 80% Ketamme and 20% Xylazine. This time point coincides with previous data 
showing efficacy for SEQ. ID NO: 1. See, Nyce & Metzger, (1997). A thermocouple was 
then inserted into the left carotid artery of each rabbit, and was then advanced 6.5 cm and 
secured with a silk ligature. The right jugular vein was then cannulated and a length of 
polyethylene tubing was inserted and secured. 
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A thennodilution curve was then established on a Cardiomax™ H (Columbus 
Instruments, Ohio) by injecting sterile saline at 20°C to determine the correctness of 
positioning of the thermocouple probe . After establishing the correctness of the position of 
the thermocouple, the femoral artery and vein were isolated. The femoral vein was used 
as a portal for drug injections, and the femoral artery for blood pressure and heart rate 
measurements. Once constant baseline cardiovascular parameters were established, 
Cardiomax™ measurements of blood pressure, heart rate, cardiac output, total peripheral 
resistance, and cardiac contractility were made. 



(j) Duration of Action of Oligo I 
(SEQ. ID NO: 1; EPI 2010) 

Eight allergic rabbits received initially increasing log doses of adenosine by means 
of a nebulizer via an intra-tracheal mbe as described in (f) above, beginning with 0.156 
mg/ml until compliance was reduced by 50% (PC50 Adenosine) to establish a baseline. Six of 
the rabbits then received four 5 mg aerosolized doses of (SEQ. ID NO: 1; EPI 2010) as 
described above. Two rabbits received equivalent amounts of saline vehicle as controls. 
Beginning 18 hours after the last treatment, the PC50 Adenosine values were tested again. After 
this point, the measurements were continued for all animals each day, for up to 10 days. 
The results of this smdy are shown in Figures 5 and 6 and discussed in (6)(a)(vii) below. 



(k) Reduction of Adenosine Azb Receptor 

Niunber by Anti-sense Oligo V ,r /T:m 

Sprague Dawley rats were administered 2.0 mg respirable anti-sense oligo V (bi'i 

2099) three times over two days using an inhalation chamber as described above. Twelve 

hours after the last administration, lung parenchymal tissue was dissected and assayed for 

adenosine A^^ receptor binding using [31 1]-NECA as described by Nyce & Metzger (1997). 

Controls were conducted by administration of equal volumes of saline. The results are 

significant at p < 0.05 using Smdent's paired t test, and are shown in Figure 9 and discussed 

in section (6) (c) below. 

(1) Comparison of Oligo I & Corresponding 
Phosphodiester Oligo VI (EPI 2010-PD) 



9 



USN 08/472,527 

Oligo I (EPI 2010) countered the effects of adenosine and eliminated sensitivity to 
it for adenosine amounte up to 20 mg adenosine/5.0 ml (the limit of solubility of 
adenosine). (5ligo VI (EPI 2010-PD). the phosphodiester version of the oligonucleotide 
sequence, was completely ineffective when tested in the same manner. Both compounds 
have identical sequence, differing only in the presence of phosphorothioate residues in Oligo 
I (EPI 2010)., and were delivered as an aerosol as described above and in Nyce & Metzger 
(1997). Significantly different at p < 0.001 , Student's paired t test. The results are discussed 
in section (6) (d) and in Figure 10. 



(6) Results 



(a) Anti-sense Oligo I 



(i) Prior Work 

The nucleotide sequence and other data for anti-sense oligo I (SEQ. ID NO: 1), 
which is specific for the adenosine A, receptor, was provided in the original application. 
In addition, the application also contained experimental data showing the effectiveness of 
oligo I in down regulatmg the receptor number and activity. 

Further information on anti-sense oligo I was provided in a publication by my group. 
See, Nyce, J. W., and Metzger, W. J., Nature 385:721 (1997) (copy enclosed). The Nyce 
& Metzger (1997) publication provided data showing that the anti-sense oligo I (SEQ. ID 
NO: 1): 

(1) Reduces the number of adenosine Ai receptors in the bronchial 
smooth muscle of allergic rabbits in a dose-dependent manner. See, 
Table 1 of Nyce & Metzger (1997). 

(2) Attenuates adenosine-induced bronchoconstriction and 
allergen-induced bronchoconstriction. See, Figure 4 of Nyce 
& Metzger (1997). 

(3) Attenuates bronchial hyperresponsiveness as measured Dy f^^so 
histamine, a standard measurement to assess bronchial 
hyperresponsiveness. This result clearly demonstrates anti- 
inflammatory activity of the anti-sense oligo I. See, Figure 4 of Nyce 
«& Metzger (1997). • i, 

(4) As expected, because it was designed to target it, is totally 
specific for the adenosine Ai receptor, and has no effect at all 
at any dose on either the very closely related adenosine A2 
receptor or the related bradykinin B2 receptor. See, Table 1 
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of Nyce & Metzger (1997), and Figure 2 accompanying this ^- 

Declaration. ,^ c i 

(5) .Mismatch control molecules (MMl and MM2; See, Figure l 
of Nyce & Metzger) had identical base composition and 
molecular weight but differed from the anti-sense oligo I 
(SEQ ID NO: 1) by 6 and 2 mismatches, respectively. These 
mismatches, which are the minunum possible while still 
retaining identical base composition, produced absolutely no 
effect upon any of the targeted receptors (Ai, A2 or B2). See, 
Figure 1 of Nyce & Metzger (1997). 

These results, along with a complete lack of prior art on the use of anti-sense 
oligonucleotides, such as oligo I, targeted to the adenosine Ai receptor, show the unexpected 
results obtain by me. More generally, the anti-sense oligonucleotides of the invention which 
are directed to adenosine receptor lung targets, particularly targets associated with asthma, 
are not only unobvious over the art at large, but have been broadly enabled by the prior 
work reported in the above-identified application, the work reported in Nyce & Metzger 
(1997), and the further work reported here. These collective showings clearly enable and 
show the effectiveness, for their intended use, of the claimed agent and method for reducing 
or treating bronchoconstriction and lung inflammation. 

(it) Oligo I Significantly Reduces 

Response to Adenosine Challenge 

The receptor binding experiment is described in (5)(f) , and the results shown in 
Figures 1 and 2 accompanying this Declaration, and in Table 1 below which shows the 
binding characteristics of the adenosine A,-selective ligand bHJDPCPX and the bradykinin 
B2-selective ligand [^H]NPC 1 773 1 in membranes isolated from airway smooth muscle of A, 
adenosine receptor and bradykinin receptor anti-sense- and mismatch-treated allergic 
rabbits. 
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Table 1 : Binding Characteristics of Three Anti-Sense Oligos 



Treatmenti 


Aj receptor 


«2 


receptor 




Kd 


"max 


Kd 


Bmax 


A,AS 


20 mg 


0.56±0.029 nM 


19±1.$2 Imoles* 


0.39±0.U31 nM 


i4.5±u.yyimoies 


2mg 


0.38±0.030nM 


32±2.56 fmoles* 


0.41±0.028 nM 


15.5±1.08 fmoles 


0.2 mg 


0.37±0.030 nM 


49±3.43 finoles 


0.34±0.024 nM 


15. Oil. 06 fmoles 


AiMM (Control) 










20 mg 


0.34±0.027 nM 


52.0±3.64 


0.35±0.024 nM 


14.0±1.0 fmoles 


2mg 


0.37±0.033 nM 


51.8±3.88 


0.38±0.028 nM 


14.6±1.02 finoles 


B2A (Bradykinin 


Receptor) 








20 mg 


0.36±0.028 nM 


45.0±3.15 


0.38±0.027 nM 


8.7±0.62 finoles* 


2mg 


0.39±0.035 nM 


44.3±2.90 


0.34±0.024 nM 


11. 9±0.76 fmoles** 


0.2 mg 


0.40±0.028 nM 


47.0±3.76 


0.35±0.028 nM 


15.1±1.05 finoles 


BjMM (Control) 










20 mg 


0.39±0.031 nM 


42.0±2.94 


0.41±0.029nM 


14.0±0.98 fmoles 


2mg 


0.41±0.035 nM 


40.0±3.20 


0.37±0.030 nM 


14.8±0.99 fmoles 


0.2 mg 


0.37±0.029 nM 


43.0±3.14 


0.36±0.025 nM 


15.1±1.35 fmoles 


Saline Control 


0.37±0.041 


46.0±5.21 


0.39±0.047 


14.2±1.35 



' Refers to total oligo administered in four equivalently divided doses over a 48 hour period. Treatments and 
analyses were performed as described in methods. Significance was determined by repeated-measures analysis 
of variance (ANOVA), and Tukey's protected t test, n = 4-6 for all groups. 
* Significantly different from mismatch control- and saline-treated groups, p<0.001; 
♦♦Significantly different from mismatch control- and saline-treated groups, p<0.05. 



(iii) Dose-response Effect of Oligo I 

Anti-sense oligo I (A,AS; SEQ ID NO: 1) was found to reduce the effect of 
adenosine administration to the animal in a dose-dependent manner over the dose range 
tested as shown in Table 2 below and in Figure 2. 
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Table 2 : Dose-Response Effect to Anti-sense Oligo I 

Total Dose PCso Adenosine 

(mg) (mg Adenosine) 

Anti-sense Uligo l , 70 

0 2 8.32±7.2 

2 0 14.0±7.2 

2b 19.5±0.34 

A,MM oligo (control) ^^^^^ ^^ 

3.13±0.71 

20 3.25± 0.34 

The above results were studied with the Student's paired t test and found to be 
statistically different, p=0.05 
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Figure 2 shows that oligo I, an anti-adenosine Aj receptor oligo, acts specifically on 
the adenosine Ai receptor, but not on the adenosine A2 receptor. These results stem from 
the treatment of rabbits with anti-sense oligo I or mismatch control oligo as described in (5) 
(d)(i) above and in Nyce & Metzger (1997) (four doses of 5 mg spaced 8 to 12 hours apart 
via nebulizer via endotracheal mbe), bronchial smooth muscle tissue excised and the number 
of adenosine Ai and adenosine A2 receptors determined as reported in Nyce & Metzger 
(1997). 

(iv) Specificity of Oligo I 

for Target Gene Product 

Oligo I is specific for the adenosine A, receptor whereas its mismatch controls had 
no activity. Figure 1 depicts the results obtained from the cross-over experiment described 
in (5)(d)(ii) above and in Nyce & Metzger (1997). As may be seen from the top and lower 
panels of Figure 1, the two mismatch controls evidence no effect on the PC50 Adenosine value. 
On the contrary, the administration of anti-sense oligo I (SEQ. ID NO: 1); EPI 2010) shows 
a seven-fold increase in the pc5o Adenosine value. The results shown in Figure 1 above clearly 
indicate that anti-sense oligo I (SEQ. ID NO: 1; EPI 2010) reduces the response (attenuates 
the sensitivity) to exogenously administered adenosine when compared with a saline control. 
The results provided in Table 2 above clearly establish that the effect of the anti-sense oligo 
I is dose dependent (see, column 3 of Table 1). 
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Oligo I was also shown to be totally specific for the adenosine A, receptor, (ses. top 
3 rows), inducing no activity at either the closely related adenosine A^ receptor (seb. Figure 
2, right hand'panel), or the bradykinin receptor (see, lines 8-10 of Table 2 above). 

In addition, the results shown in Table 2 and Figure 2 establish that anti-sense oUgo 
I decreases sensitivity to adenosine in a dose dependent manner, and that it does this in an 
anti-sense-dependent manner since neither of two mismatch control oligonucleotides show 
any effect on PC^o Adenosine values or on the number of attenuation of adenosine Ai receptors. 



(v) Effect on Aeroallergen-induced 

Bronchoconstriction & Inflammation ^ ♦ • *v kkv 

Oligo I was shown to significantly reduce the histamme-mduced effect m the rabbit 

model when compared to the mismatch oligos. Figure 3 shows the effect of anti-sense Oligo 

I and the mismatch oligos on allergen-induced airway obstruction and bronchial 

hyperresponsiveness in allergic rabbits. Panels (a), (b), (c) and (d) represent the following. 

Panel (a) shows the effect of anti-sense oligo I (AiAS; SEQ. ID N0:1) on 
allergen-induced airway obstruction. As calculated from the area under the 
curve, the anti-sense oligo I significantly inhibited allergen-induced airway 
obstruction (55 % , p < 0.05; repeated measures ANOVA, and Tukey s t test). 
Compare with panel (b) for mismatch AjMM oligo (control). 

Panel (b) shows the lack of effect of the mismatch oligo AiMM (Control) on 
allergen induced airway obstruction. 

Panel (c) shows the effect of the anti-sense oligo I (AjAS; SEQ. ID N0:1) 
on allergen-induced BHR. As calculated from the PC50HistamineValue,(AiAb), 
the anti-sense oligo I significantly inhibited allergen-induced BHR m allergic 
rabbits (61%, p<0:05; repeated measures ANOVA, Tukey s t test). 
Compare with Panel (d) for mismatch AiMM oligo (Control). 

Panel (d) shows a lack of effect of the AiMM mismatch control on allergen- 
induced BHR. 

The results shown in Figure 3, panel (a), indicate that anti-sense oligo I (SEQ. ID 
NO: 1; EPI 2010) is effective to protect against aeroallergen-induced bronchoconstriction 
(house dust mite). In addition, anti-sense oligo I was also found to be a potent inhibitor of 
dust mite-induced bronchial hyper responsiveness, as shown by its effects upon histamine 
sensitivity (panel(c)), indicating anti inflammatory activity for anti-sense oligo I. 
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(vi) Anti-sense Oligo I is Free 
of Deleterious Side Effects 

Oligo rwas shown to be free of side effects that might be toxic to the recipient. No 
changes in arterial blood pressure, cardiac output, stroke volume, heart rate,, total 
peripheral resistance or heart contractUity (dPdT) were observed following administration 
of 2.0 or 20 mg oligo I. Figure 4 shows the results of the measurement of cardiac output 
(CO), stroke volume (SV), mean arterial pressure (MAP), heart rate (HR), total peripheral 
resistance (TPR), and contractility (dPdT) with a Cardiomax™ apparams (Columbus 
Instruments, Ohio). 

These results evidence that oligo I has no detrunental effect upon critical 
cardiovascular parameters. More particularly, this oligo does not cause hypotension. This 
fmding is of particular importance because other phosphorothioate anti-sense 
oligonucleotides have been shown in the past to induce hypotension in some model systems. 
Furthermore, the adenosine A, receptor plays an important role in sinoatrial conduction 
within the heart. Attenuation of the adenosine A^ receptor by anti-sense oligo I might be 
expected to result, therefore, in deleterious extrapuhnonary activity in response to the 
downregulation of the receptor. This is not the case. The anti-sense oligo I does not produce 
any deleterious intrapuhnonary effects and renders the administration of the low doses of 
the present anti-sense oligo free of unexpected, undesirable side effects. 

This demonstrates that when oligo I is administered directly to the lung, it does not 
reach the heart in significant quantities to cause deleterious effects. This is in contrast to 
traditional adenosine receptor antagonists like theophylline which do escape the lung and can 
cause deleterious, even life-threatening effects outside the lung. 

(vii) Long Lasting Effect of Oligo I 

Oligo I evidenced a long lasting effect as evidenced by the PC50 and Resistance 
values obtained upon its administration prior to adenosine challenge. Figures 5 and 6 show 
the values obtained. 

Figure 5 shows the duration of the effect, with respect to the PC50 of adenosine, of 
anti-sense oligo I when administered in four equal doses of 5 mg each by means of a 
nebulizer via an endotracheal mbe. as described above. The effect of the agent is significant 
over days 1 to 8 after administration. When the effect of the anti-sense oligo I had 
disappeared, the animals were administered saline aerosols (controls), and the PC50 Adenosine 
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values for all animals were measured again. Saline-treated animals showed base line-PCjo 

adenosine valyes (n=6). 

Figure 6 shows the duration of the effect (with respect to Resistance) for six allergic 
rabbits which were administered 20 mg of anti-sense oligo I (SEQ. ID NO: 1) as described 
above, upon airway resistance measured as also described above. The mean calculated 
duration of effect was 8.3 days for both PC50 adenosine (p < 0.05) and resistance (p < 0.05). 
These results show that anti-sense oligo I has an extremely long duration of action, which 
is completely unexpected. 

(b) Anti-sense Oligo II 

Anti-sense oligo H, targeted to a different region of the adenosine A, receptor 
mRNA, was found to be highly active against the adenosine Aj-mediated effects. The results 
of the experiment are shown in Figure 7, which evidences die effect of anti-sense oligo H 
(EPI 2014) upon compliance (top figure) and resistance (lower figure) values when 20 mg 
anti-sense oligo U were administered to allergic rabbits as described above, and compliance 
and resistance values measured following an administration of adenosine as described above 
in (5)(g). Significant at p<0.05 using paired t test, compliance; p<0.01 for resistance. 

The results of Figure 7 show that anti-sense oligo H, which targets the adenosine A, 
receptor, effectively maintains compliance and reduces resistance upon adenosine challenge. 

(c) Antisense Oligos III and TV 

Oligos m and IV were shown to be in fact specifically targeted to the adenosine A3 
receptor by their effect on reducing inflammation and the number of inflammatory cells 
present upon separate administration of 20 mg of the anti-sense oligos HI and IV to allergic 
rabbits as described above. The number of inflammatory cells was determined in their 
bronchial lavage fluid 3 hours later by counting at least 100 viable cells per lavage. The data 
are provided in Figure 8. 

Figure 8 shows the effect of anti-sense oligos HI (EPI 2046) and IV (EPI 2047) upon 
granulocytes (top figure), and upon total cells in bronchial lavage (lower figure), following 
exposure to dust mite allergen. The results of Figure 8 show that anti-sense oligo IV and 
anti-sense oligo HI are very potent anti-inflammatory agents in the asthmatic lung following 
exposure to dust mite allergen. As is known in the art, granulocytes, especially eosinophils, 
are the primary inflammatory cells of asthma, and the administration of anti-sense oligos HI 
and IV reduced their numbers by 40% and 66%, respectively. Furthermore, anti-sense 
ohgos IV and ni also reduced the total number of cells in the bronchial lavage fluid by 40% 
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and 80% , respectively. This is also an important indicator of anti-inflammatory activity ^y 
the present anti-adenosine A3 agents of the invention. Inflammation is known to underlie 
bronchial hyperresponsiveness and allergen-induced bronchoconstriction in asthma. Both 
anti-sense oligonucleotides HI and IV, which are targeted to the adenosine A3 receptor, are 
representative of an important new class of anti-inflammatory agents which may be designed 
to specifically target the lung receptors of each species. 

(c) Antisense Oligo V 

The anti-sense oligo V. targeted to the adenosine Azb adenosine receptor mRNA was 
shown to be effective at countering adenosine Ajb-mediated effects, and at reducing the 
number of adenosine Aji, receptors present as shown in Figure 9. 

(d) Unexpected Superiority of Substituted 
over Phosphodiester-residue Oligo I-DS 

When oligos I and I-DS were separately administered to allergic rabbits as described 
above, and the rabbits were then challenged with adenosine, the phosphodiester oligo I-DS 
was ineffective in countering the effect of adenosine whereas oligo I showed high 
effectiveness. The results are shown in Figure 10. 

(7) Conclusions 

The work described and results discussed above indicate that all five non- 
phosphodiester anti-sense oligonucleotides designed in accordance with the teachings of the 
above-identified application were found to be highly effective at countering or reducing 
effects mediated by the receptors they are targeted to. That is, each and all of the two anti- 
sense oligos targeting an adenosine A, receptor mRNA, one targeting an adenosine Azb 
receptor mRNA, and two targeting an A3 receptor mRNA were shown capable of countering 
the effect of exogenously administered adenosine which is mediated by the specific receptor 
they are targeted to. 

In addition, the results presented also show that the administrafion of the present 
agents results in extremely low or non-existent deleterious side effects or toxicity. 

This represents 100% success in providing agents that are highly effective and 
specific in the treatment of bronchoconstriction and/or inflammation. This invention 
is applicable in the same manner to all adenosine receptor mRNAs. 

Moreover, a comparison of the phosphodiester and a substimted version of the same 
oligonucleotide evidenced an unexpected superiority for the phosphothiorate oligonucleotide 
over the phosphodiester oligo. 
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Figure 1: EPI 2010 Data Summary from both arms of crossover experiment 
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Figure 8. EPI 2046 and EPI 2047 effects upon granulocytes (upper panel) 
and total cells in bronchial lavage (lower panel) following exposure to dust 
mite allergen. Allergic rabbits were administered 20 mg EPI 2046 or 2047 
as above, and inflammatory cells were enumerated in the bronchial lavage 
fluid 3 hours later. At least 100 viable cells per lavage were counted. 
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LOW ADENOSINE OLIGONUCLEOTIDE. COMPOSITION KIT 
& METHODS FOR OBTAINING OLIGONUCLEOTIDE & FOR 
TREATMENT OF AIRWAY DISEASE 

r>F.rT ARATTON UN fTHyW ^7 CFR 1.132 



Assistant Commissioner for Patents 
Washington, D C 20231 

Sir/Madam: 

Jonathan W. Nyce, Ph. D., hereby declares as follows. 

(1) I am one of the inventors in the above-identified application. 

(2) I have read the above-identified patent application and the Office Actions of 
August 26, 1996 ("first Action"), and June 4, 1997 ("fmal Action"), and understand their 
contents. In the Office Actions, claims 1-21 were rejected under 35 USC|112, furst 
paragraph because, the specification is allegedly not broadly enabling of methods for 
reducing or treating an airway disease. In addition, various claims have been rejected as 
being anticipated and/or obvious over various prior publications and patents. 

(3) Ohjective 

The present work was conducted by me, or under my supervision, to demonstrate 
that the present invention requires substantially lower doses of the oligonucleotides for 
attaining efficacious results as compared to other in vivo aplications of anti-sense 
oligonucleotides, that the present technology is substantiaUy devoid of side effects, and that 
it is broadly applicable to anti-sense oligonucleotides ("oligos") specific to receptor mRNAs 
associated with airway diseases or conditions accompanied by bronchoconstriction and/or 
lung inflammation and/or allergy. Selected for exemplification are the adenosine A,. A^^ and 
A3, and bradykmin B^ receptor mRNAs. The data provided here also show that anti-sense 
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oligos of lower adenosine content evidence improved efficacy and decreased side effects 
when compared with oligos with higher adenosine content. ' 

(4) Development 

The following experimental studies were conducted by me, or under my supervision, 
to show that the method of the invention is broadly suitable for use with anti-sense oligos 
designed as taught by this application and targeted to any and all receptor mRNAs encoding 
proteins associated with airway diseases or conditions which encompass bronchoconstriction 
and/or lung inflammation. 

Anti-sense Oligo I and mismatch oligos AiMM and AiMM2 were disclosed in the 
above-identified patent application. For the present work, I designed six additional anti-sense 
phosphorothioate oligos, as described in the above-identified patent application. One oligo 
is targeted to a different region of the adenosine A, receptor mRNA than Oligo I or SEQ. 
ID N0:1 (Oligo II), one oligo is targeted to an adenosine Ajb receptor mRNA (Oligo IV), 
two oligos are targeted to different regions of an adenosme A3 receptor mRNA (Oligos III 
and VI), one oligo is targeted to the bradykmin B2 receptor mRNA (Oligo V), and a 
mismatch oligo B2MM for the bradykinin anti-sense oligo. The five novel anti-sense oligos 
were designed for therapy on a selected species as described in the above patent application 
and are generally specific for that species, unless the segment of the adenosine receptor 
mRNA of other species elected happen to have similar sequences. All anti-sense oligos were 
prepared as described below, and tested in vivo in a rabbit model for bronchoconstriction, 
inflammation and allergy, or in the rat for the adenosine Ajb receptor studies. The model 
rabbits have breathing difficulties, lung inflannmiation, bronchoconstriction and impeded lung 
airways, as is the case in ailments such as asthma. 

(5) Methods 

(a) Anti-sense DNA 

Six new oligos and their effects in a rabbit model were studied and the results of 
these studies are reported and discussed below. Five of these oligos were selected for this 
study to complement the data on SEQ ID NO: 1 (Oligo I), which is anti-sense to the 
adenosine Aj receptor mRNA provided in the above-identified patent application. The five 
new oligos are identified as anti-sense Oligo II (targeted to a region of the adenosine Aj 
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receptor mRNA different from Oligo I), Oligo IV (targeting an adenosine A^^ receptor 
mRNA), Oligos HI and VI (targeting different regions of an adenosine A3 receptor ifiRNA), 
and Oligo V -(targeting a bradykinin B, receptor mRNA). The design and synthesis of these 
anti-sense oligos was performed in accordance with the teachings of the above-identified 
patent application, particularly of Example 1 . 

(I) Anti-sense Oligo I: The above-identified application 
disclosed anti-sense oligonucleotide I to the human Aj adenosine 
receptor mRNA (EPI 2010; SEQ. ID NO: 1). Anti-sense oligo I is 21 
nucleotide long, overlaps the initiation codon, and has the following 
sequence, 

5'- GAT GGA GGG CGG CAT GGC GGG -3' 

The oligo I was previously shown to abrogate the adenosine-induced 
bronchoconstriction in allergic rabbits, and to reduce allergen-induced 
airway obstruction and bronchial hyperresponsiveness (BHR). See, 
Nyce, J. W. & Metzger, W. J.. Nature, 385:721 (1977), a copy of 
which is enclosed. 

(II) Anti-sense Oligo II: A phosphorothioate anti-sense oligo 
(EPI 2014) was designed in accordance with the invention to target the 
rabbit adenosine A, receptor mRNA region +936 to +956 relative to 
the initiation codon (start site). The anti-sense oligo II is 21 nucleotide 
long, and has the following sequence. 

5'-CTC GTC GCC GTC GCC GGC GGG-3' 

(III) Anti-sense Oligo III: A phosphorothioate anti-sense 
oligo (EPI 2047) was designed in accordance widi the invention to target 
the adenosine A3 receptor mRNA region + 386 to + 401 relative to the 
initiation codon (start site). The anti-sense oligo IV is 15 nucleotide 
long, and has the following sequence. 

5 '-GGC CCA GGG CCA GCC-3' 

(TV) Anti-sense Oligo IV: A phosphorothioate anti-sense 
oligo (EPI 2099) was designed in accordance with the invention to target 
the adenosine Ajb receptor mRNA region -21 to -1 relative to the 
initiation codon (start site). The anti-sense oligonucleotide V is 21 
nucleotide long, and has the following sequence, 

5 ' -GGC CGG GCC AGC CGG GCC CGG-3 ' 

(V) Aj Mismatch Oligos: Two different mismatched 
oligonucleotides having the following sequences were used as controls 
for anti-sense oligo I (SEQ, ID NO: 1) described in (I) above, 
Ai MM 5'-GTA GGT GGC GGG CAA GGC GGG-3' 
AiMM2 5'-GAT GGA GGC GGG CAT GGC GGG-3' 

Anti-sense oligo I and the two mismatch anti-sense oligos had identical 
base content and general sequence structure. Homology searches in 
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GENBANK (release 85.0) and EMBL (release 40.0) indicated that the 
anti-sense oligo I was specific, not only for the human, but also for the. 
rabbit, adenosine Aj receptor genes, and that the mismatched controls' 
were not candidates for hybridization with any known human or animal 
gene sequence. 

(VI) Anti-sense Oligo V: A phosphorothioate anti-sense oligo 
(EPI 2106) was designed in accordance with the invention to target the 
bradykinin Bz receptor mRNA region -6 to +15 relative to the initiation 
codon (start site). The anti-sense oligonucleotide VI is 21 nucleotide long, 
and has the foUov^ng sequence: 

5 '-GGTGATGTTGAGCATTTCGGC-3 ' 

(VII) Mismatch Oligo: A minunally mismatched 
oligonucleotide having the following sequence was used as control for 
anti-sense oligo V described in (VI) above. 

B2 MM 5 ' -GGTGATTTGAGGATTTCGGC-3 ' 

Anti-sense oligo V and the mismatch anti-sense oligo have identical base 
content and general sequence structure. Homology searches in 
GENBANK (release 85.0) and EMBL (release 40.0) indicated that the 
anti-sense oligo V was specific, not only for the human, but also for the 
rabbit, adenosine B2 receptor gene, and that the mismatched control was 
not a candidate for hybridization with any known human or animal gene 
sequence. 

(VIII) Anti-sense Oligo VI: A phosphorothioate anti-sense 
oligo (EPI 2046) was designed in accordance with the invention to target 
the anti-sense A3 receptor mRNA region +3 to 4- 22 relative to the 
initiation codon start site. The anti-sense oligo HI is 20 nucleotide long, 
and has the following sequence. 

5'-GGG TGG TGC TAT TGT CGG GC-3' 

(IX) Controls: Each rabbit was administered 1.0 ml 
aerosolized sterile saline following the same schedule as for the anti- 
sense oligos in (II), (III), and (IV) above. 



(b) Synthesis of Anti-sense Oligos 

Phosphorothioate anti-sense oligos having the sequences described in (a) above, were 
synthesized on an Applied Biosystems Model 396 Oligonucleotide Synthesizer and purified 
using NENSORB chromatography (DuPont, DE). TETD (tetraethylthiuram disulfide) was 
used as the sulfurizing agent during the synthesis. Anti-sense Oligo 11 (EPI 2014), Oligo HI 
(EPI 2047), Oligo V (EPI 2106) and Oligo VI (EPI 2046) were synthesized and purified in 
this manner. 
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(c) Preparation of Allergic Rabbits 

/'- 

Neonatal New Zealand white Pasturella-free rabbits were immunized 
intraperitoneally within 24 hours of birth with 0.5 ml of 312 antigen units/ml house dust 
mite (D. farinae) extract (Berkeley Biologicals, Berkeley, CA) mixed with 10% kaolin as 
previously described (Metzger, W. J. In: Late Phase Allergic Reactions, (Dorsch, W., Ed.) 
CRC Handbook, pp 347-362, CRC Press, Boca Raton, 1990; Ali, S., Metzger, W. J. and 
Mustafa, S. J., Am. J. Resp. Crit. Care Med. 149, 908, 1994). Immunizations were 
repeated weekly for the first month and then biweekly until the age of 4 months. Like 
allergic humans, these rabbits preferentially produce allergen-specific IgE antibody, 
typically respond to aeroallergen challenge with both an early and late-phase asthmatic 
response, and show bronchial hyper responsiveness (BHR). Monthly intraperitoneal 
administration of allergen (312 units dust mite allergen, as above) continues to stimulate and 
maintain allergen-specific IgE antibody and BHR. At 4 months of age, sensitized rabbits 
were prepared for aerosol administration as described by Ali et al. (1992) (Ali, S., Metzger, 
W. J. and Mustafa, S. J., Am. J. Resp. Crit. Care Med. 149 (1994)). 

(d) Dose-response Studies 

(i) Experimental Setup 

Aerosols of either adenosine (0-20 mg/ml), or anti-sense or one of two mismatch 
oligonucleotides (5 mg/ml) were separately prepared with an ultrasonic nebulizer (Model 
646, DeVilbiss, Somerset, PA), which produced aerosol droplets, 80% of which were 
smaller than Sum in diameter. Equal volumes of the aerosols were administered directly to 
the lungs via an intratracheal tube. 

The animals were randomized, and administered aerosolized adenosine. Day 1 pre- 
treatment values for sensitivity to adenosine were calculated as the dose of adenosine causing 
a 50% loss of compliance (PC50 Adenosine). The animals were then administered either the 
aerosolized anti-sense or one of the mismatch anti-sense oligos via the intratracheal tube (5 
mg/1.0 ml), for 2 minutes, twice daily for 2 days (total dose, 20 mg). Post-treatment PC50 
values were recorded (post-treatment challenge) on the morning of the third day. The results 
of these studies are provided in (6)(a)(iii) below. 
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(ii) Crossover Experiments 

For some experiments utilizing anti-sense Oligo I (SEQ ID NO: 1) and a 
corresponding Mismatch Control AiMM, following a 2 week interval, the animals were 
crossed over, with those previously administered the Mismatch Control A^MM, now 
receiving the anti-sense Oligo I, and those previously treated with the anti-sense Oligo I 
now receiving the Mismatch Control A^MM oligo. 

The number of animals per group was as follows. For Mismatch A^MM (control 
1), n=7, since one animal was lost in the second control arm of the experiment due to 
technical difficulties, for Mismatch AiMM2 n=4 (control 2) and for Oligo I (AjAS anti- 
sense oligo) n=8. The AiMM2 oligo-treated animals were analyzed separately and were 
not part of the cross-over experiment. The treatment methods and measurements employed 
following the cross-over were identical to those employed in the first arm of the experiment. 

In 6 of the 8 animals treated with the anti-sense Oligo I (SEQ. ID NO: 1), no PC50 
value could be obtained for adenosine doses of up to 20 mg/ml, which is the limit of 
solubility of adenosine. Accordingly, the PC50 values for these animals were assumed to be 
20 mg/ml for calculation purposes. The values given, therefore, represent a minimum figure 
for the effectiveness of the anti-sense oligonucleotides of the invention. Other groups of 
allergic rabbits (n=4 for each group) were administered 0.5 or 0.05 mg doses of the anti- 
sense Oligo I (AjAS; SEQ ID NO: 1), or the Mismatch Control A^MM oligo in die maimer 
and according to the schedule described above (the total doses being 2.0 or 0.2 mg). The 
results of these studies are provided in (6)(a)(iv) below. 

(e) Anti-sense Oligo Formulation 

Each one of the anti-sense oligos were separately solubilized in an aqueous solution 
and administered as described for anti-sense Oligo I in (e) above, in four 5 mg aliquots (20 
mg total dose) by means of a nebulizer via endotracheal tube, as described above. 

The results obtained for anti-sense Oligos I and V Mismatch Controls confirmed 
that the mismatch controls are equivalent to saline. See, Table 1 of Nyce & Metzger, Nature 
385, 721-725, 1997. Because of this finding, saline was used as a control for pulmonary 
function studies employing anti-sense Oligos II, in and VI. 
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(f) Specificity of Anti-sense Oligo I 

for Adenosine Aj Receptor 

(Receptor Binding Studies) 

Rabbits (4-6 rabbits/group) were administered 0.2, 2.0 or 20 mg of either Oligo I 
(A, AS; SEQ ID NO: 1; EPI 2010), Control Mismatch A^MMl or Control Mismatch 
A1MM2, in 4 divided doses over a period of 48 hours as described above. Tissue from 
airway smooth muscle obtained from each of these rabbits was separately dissected to 
primary, secondary and tertiary bronchi, and plasma membrane fractions were prepared 
from theu: tertiary bronchi according to the method of Ali et al. See, Ali, S., et al.. Am. J, 
Resp. Crit. Care Med. 149,: 908 (1994). Each preparation was assessed for adenosine A, 
and Bj receptor content. See, Ali et al., J. Agents Actions 37: 165 (1992); Jarvis et al., J. 
Pharmacol. Exp. Therap. 251: 888 (1989); Trifilief et al., J. Pharmacol. Exp. Ther. 263: 
1377 (1992). 

The protein content was determined by the method of Bradford, and plasma 
membranes were incubated with 0.2 U/ml adenosine deaminase for 30 minutes at 37 °C to 
remove endogenous adenosine. See, Bradford, M. M., Anal. Biochem. 72: 240-254 (1976). 
The bmding of pH]DPCPX, fH]NPC17731, or [ ll]CGS-21680 were measured as 
described by Jarvis et al. See, Jarvis, M.F., et al., Pharmacol. Exptl. Ther. 251: 888-893 
(1989). The differences amongst the groups were assessed for statistical significance by 
repeated measures analysis of variance (ANOVA), and Tukey's t-test. The results of this 
study are shown in Table 1 and discussed in (6)(a)(ii) below. 

(g) Specificity of Anti-sense Oligo V 
for Bradykinin Bj Receptor 
(Receptor Binding Studies) 

Rabbits (4-6 rabbits/group) were administered 0.2, 2.0 or 20 mg of eitiier Oligo V 
(BjAS) or Control Mismatch B2MM in 4 divided doses over a period of 48 hours as 
described above. The remaining procedures for preparation of bronchi, membranes and 
determination of protein content, receptor number and binding are as described in (f) above 
as well. The differences amongst the groups were found to have statistical significance as 
assessed by repeated measures analysis of variance (ANOVA), and Tukey's t-test. The 
results of this smdy are shown in Table 1 and discussed in (6)(a)(ii) below. 
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(h) Pulmonary Function Measurements 
(Compliance Cdyn and Resistance) 

At 4 months of age, the immunized animals were anesthetized and relaxed with 1 .5 
ml of a mixture of ketamine HCl (35 mg/kg) and acepromazine maleate (1.5 mg/kg) 
administered intramuscularly. After induction of anesthesia, allergic rabbits were 
comfortably positioned supine on a soft molded animal board. Salve was applied to the eyes 
to prevent drying, and they were closed. The animals were then inmbated with a 4.0 mm 
intermediate high-low cuffed Murphy 1 endotracheal tube (Mallinckrodt, Glen Falls, NY), 
as previously described by Zavala and Rhodes. See, Zavala and Rhodes, Proc. Soc. Exp. 
Biol. Med. 144: 509-512 (1973). A polyethylene catheter of OD 2.4 mm (Becton Dickinson, 
Clay Adams, Parsippany NJ) with an attached thin-walled latex balloon was passed into the 
esophagus and maintained at the same distance (approximately 16 cm) from the mouth 
throughout the experiment. The endotracheal tube was attached to a heated Fleisch 
pneumotach (size 00; DEM Medical, Richmond, VA), and the flow (v) measured using a 
Validyne differential pressure transducer (Model DP-45-16-1927, Validyne Engineering, 
Northridge, CA), driven by a Gould carrier amplifier (Model 11-4113, Gould Electronics, 
Cleveland, OH). 

An esophageal balloon was attached to one side of the Validyne differential pressure 
transducer, and the other side was attached to the outflow of the endotracheal mbe to obtain 
transpulmonary pressure (P^. The flow was integrated to yield a continuous tidal volume, 
and the measurements of total lung resistance (R^ and dynamic compliance (Qy^) were made 
at iso volumetric and zero flow points. The flow, volume and pressure were recorded on an 
eight chaimel Gould 2000 W high-frequency recorder and Cjyn was calculated using the total 
volume and the difference in P^ at zero flow, and Rj was calculated as the ratio of Ptp and 
V at midtidal lung volumes. These calculations were made automatically with the Buxco 
automated puhnonary mechanics respiratory analyzer (Model 6, Buxco Electronics, Sharon, 
CT), as previously described by Giles et al. See, Giles et al.. Arch. Int. Pharmacodyn. 
Ther. 194: 213-232 (1971). The results obtained upon administration of oligo n on allergic 
rabbits are shown and discussed in (6)(b) below. 

(!) Measurement of Bronchial 
Hyperresponsiveness (BHR) 

Each allergic rabbit was administered histamine by aerosol to determine their 
baselme hyperresponsiveness. Aerosols of either saline or histamine were generated using 
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a DeVilbiss nebulizer (DeVilbiss, Somerset, PA) for 30 seconds and then for 2 minutes at 
each dose employed. The ultrasonic nebulizer produced aerosol droplets of whidh 80% 
were <5 micron in diameter. The histamine aerosol was administered in increasing 
concentrations (0.156 to 80 mg/ml) and measurements of puhnonary function were made 
after each dose. The BHR was then determined by calculating the concentration of histamine 
(mg/ml) required to reduce the 50% firom baseline (PC50 Histamine)- 

(j) Oligo I is Free of Cardiovascular Side Effects 

The measurement of cardiac output and other cardiovascular parameters using 
Cardiomax™ utilizes the principal of thermal dilution in which the change in temperature of 
the blood exiting the heart after a venous injection of a known volume of cool saline is 
monitored. A single rapid injection of cool saline was made into the right atrium via 
cannulation of the right jugular vein, and the corresponding changes in temperature of the 
mixed injectate and blood in the aortic arch were recorded via caimulation of the carotid 
artery by a temperature-sensing miniprobe. 

Twelve hours after the allergic rabbits had been treated with aerosols of Oligo I (EPI 
2010; SEQ. ID NO: 1) as described in (d) above, the animals were anesthetized with 0.3 
ml/kg of 80% Ketamine and 20% Xylazine. This time point coincides with previous data 
showing efficacy for SEQ. ID NO: 1 (Oligo I). See, Nyce & Metzger (1997). A 
thermocouple was then inserted into the left carotid artery of each rabbit, and was then 
advanced 6.5 cm and secured widi a silk ligamre. The right jugular vem was then carmulated 
and a length of polyethylene mbing was inserted and secured. 

A thermodilution curve was then established on a Cardiomax™ n (Columbus 
Instruments, Ohio) by injecting sterile saline at 20°C to determine the correctness of 
positioning of the thermocouple probe. After establishing the correctoess of the position of 
the thermocouple, the femoral artery and vein were isolated. The femoral vein was used as 
a portal for drug injections, and the femoral artery for blood pressure and heart rate 
measurements. Once constant baseline cardiovascular parameters were established, 
Cardiomax™ measurements of blood pressure, heart rate, cardiac output, total peripheral 
resistance, and cardiac contractility were made. 
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(k) Duration of Action of Oligo I 

(SEQ. ID NO: 1; EPI 2010) f 

Eighfallergic rabbits received initially increasing log doses of adenosine by means 
of a nebulizer via an intra-tracheal tube as described in (f) above, beginning with 0.156 
mg/ml untU compliance was reduced by 50% (PQo Adenosine) to establish a baseline. Six of the 
rabbits then received four 5 mg aerosolized doses of Oligo I (SEQ. ID NO: 1; EPI 2010) 
as described above. Two rabbits received equivalent amounts of saline vehicle as controls. 
Beginning 18 hours after the last treatment, the PQo Adenosine values were tested again. After 
this point, the measurements were continued for all animals each day, for up to 10 days. The 
results of this study are shown in Figures 5 and 6 and discussed in (6)(a)(vii) below. 

(1) Reduction of Adenosine Aib Receptor 
Number by Anti-sense Oligo IV 

Sprague Dawley rats were admmistered 2.0 mg respirable anti-sense Oligo IV (EPI 
2099) three times over two days using an inhalation chamber as described above. Twelve 
hours after the last administration, lung parenchymal tissue was dissected and assayed for 
adenosine Ajb receptor binding using fH]-NECA as described by Nyce & Metzger (1997). 
Controls were conducted by administration of equal volumes of saline. The results are 
significant at p< 0.05 using Student's paired t test, and are shown in Figure 9 and discussed 
in section (6) (c) below. 

(6) Res ul ts 
(a) Anti-sense Oligo I 
(1) Prior Work 

The nucleotide sequence and other data for anti-sense Oligo I (SEQ. ID NO: 1), 
which is specific for the adenosine A, receptor, was provided in the origmal application. 
In addition, the application also contamed experimental data showing the effectiveness of 
oligo I in down regulating the receptor number and activity. 

Further information on Oligo I was provided in a publication by my group. See, 
Nyce, J. W., and Metzger, W. J., Namre 385:721 (1997) (copy enclosed). The Nyce & 
Metzger (1997) publication provided data showing the following characteristics for Oligo 
I (SEQ. ID NO: 1). 
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(1) Reduces the number of adenosine Aj receptors in the bronchial _ 
smooth muscle of allergic rabbits in a dose-dependent manner. See, ^ 
Table 1 of Nyce & Metzger (1997). 

(2) 'Attenuates adenosine-induced bronchoconstriction and allergen- 

induced bronchoconstriction. See, Figure 4 of Nyce & Metzger 
(1997). 

(3) Attenuates bronchial hyperresponsiveness as measured by PC50 
histamine, a standard measurement to assess bronchial 
hyperresponsiveness. This result clearly demonstrates anti- 
inflammatory activity of the anti-sense oligo I. See, Figure 4 of Nyce 
& Metzger (1997). 

(4) As expected, because it was designed to target it, Oligo I is totally 
specific for the adenosine Aj receptor, and has no effect at all at any 
dose on either the very closely related adenosine Aj receptor or the 
related bradykinin receptor. See, Table 1 of Nyce & Metzger 
(1997), and Figure 2 accompanying this Declaration. 

(5) Mismatch control molecules (MMl and MM2; See, Figure 1 of Nyce 
& Metzger) had identical base composition and molecular weight but 
differed from the anti-sense oligo I (SEQ ID NO: 1) by 6 and 2 
mismatches, respectively. These mismatches, which in MM2 
represent the minimum possible while still retaining identical base 
composition, produced absolutely no effect upon any of the targeted 
receptors (Aj, A2 or B2). See, Figure 1 of Nyce & Metzger (1997). 

These results, along with a complete lack of prior art on the use of respirable anti- 
sense oligonucleotides, such as oligo I targeted to the adenosine Aj receptor, could not have 
been anticipated. More generally, the respirable anti-sense oligonucleotides of the invention 
which are directed to adenosine receptor lung targets, particularly targets associated with 
asthma, are not only unobvious over the art at large, but have been broadly enabled by the 
prior work reported in the above-identified application, the work reported in Nyce & 
Metzger (1997), and the further work reported here. These collective showings clearly 
enable and show the effectiveness, for their intended use, of the claimed agent and method 
for reducing or treating bronchoconstriction and lung inflammation. 



(ii) Oligo I Significantly Reduces 

Response to Adenosine Challenge 

The receptor binding experiment is described in (5)(f) , and the results shown in 

Figures 1 and 2 accompanying this Declaration, and in Table 1 below which shows the 

binding characteristics of the adenosine A,-selective ligand pH]DPCPX and the bradykinin 

Bj-selective ligand pH]NPC 17731 in membranes isolated from airway smooth muscle of A, 

adenosine receptor and B2 bradykinin receptor anti-sense- and mismatch-treated allergic 
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rabbits. These data show clearly that Oligo I significantly attenuates (reduces) both 
sensitivity to adenosine and adenosine Aj receptor number. r 

Table 1 ; Binding Characteristics of Three Anti-Sense Oligos 



Treatment' 


Ai receptor 




receptor 




Kd 


T> 

"max 


Kd 


Bmax 


AjAS 


20 mg 


0.36±0.029 nM 


19±1.52tinoles* 


0.39±0.031 


14.8±0.99ftnoles 


2mg 


0.38±0.030nM 


32±2.56 


0.41 ±0.028 


15.5 ±1.08 finoles 


0.2 mg 


0.37±0.030nM 


49 ±3.43 finoles 


0.34±0.024 


15.0 ±1.06 finoles 


AiMM (Control) 










20 mg 


0.34±0.027nM 


52.0±3.64 


0.35 ±0.024 


14.0 ±1.0 finoles 


2mg 


0.37±0.033 nM 


51.8±3.88 


0.38±0.028 


14.6 ±1.02 finoles 


BjA (Bradykinin 


Receptor) 








20 mg 


0.36±0.028nM 


45.0±3.15 


0.38±0.027 


8.7 ±0.62 finoles* 


2mg 


0.39±0.035 nM 


44.3 ±2.90 


0.34±0.024 


11.9±0.76 


0.2 mg 


0.40±0.028 nM 


47.0±3.76 


0.35 ±0.028 


15.1 ±1.05 finoles 


B^MM (Control) 










20 mg 


0.39±0.031 nM 


42.0±2.94 


0.41 ±0.029 


14.0 ±0.98 finoles 


2mg 


0.41 ±0.035 nM 


40.0±3.20 


0.37 ±0.030 


14.8 ±0.99 finoles 


0.2 mg 


0.37 ±0.029 nM 


43.0±3.14 


0.36±0.025 


15.1 ±1.35 finoles 


Saline Control 


0.37±0.041 


46.0±5.21 


0.39±0.047 


14.2±1.35 



KeierS lO lOUU UllgU UUIimUSlClCU m lUUl CqUlVmCllUJ' UIVIUCU uua^^o wrwi a -ru xxv/i»i ^wxiwv*. 

Treatments and analyses were performed as described in methods. Significance was 
determined by repeated-measures analysis of variance (ANOVA), and Tukey's protected t 
test, n = 4-6 for all groups. 

* Significantly different from mismatch control- and saline-treated groups, p< 0.001; 
**Significantly different from mismatch control- and saline-treated groups, p<0.05. 
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(iii) Dose-response Effect of Oligo I 
- Oligo I (AiAS; SEQ ID NO: 1) was found to reduce tlie effect of adenosine 
administration to the animal in a dose-dependent manner over the dose range tested as shown 
in Table 2 below and in Figure 2. A dose-dependent decrease in actual adenosine Ai 
receptor number is shown in Table 1, column 2 (Ai Receptor Bn,„). 

Table 2 : Dose-Response Effect to Anti-sense Oligo I 
Total Dose PC50 

Adenosine 

(mg) (mg Adenosine) 



Anti-sense Oligo I 

0.2 8.32±7.2 

2.0 14.0±7.2 

20 19.5±0.34 

A,MM oligo (control) 

0.2 2.51 ±0.46 

2.0 3.13± 0.71 

20 3.25 ± 0.34 



The above results were studied with the Student's paired t test and found to be 
statistically different, p=0.05 



Figure 2 shows that oligo I, an anti-adenosine Ai receptor oligo, acts specifically on 
the adenosine Aj receptor, but not on the adenosine Aj receptor. These results stem from 
the treatment of rabbits with anti-sense oligo I or mismatch control oligo as described in (5) 
(d)(i) above and in Nyce & Metzger (1997) (four doses of 5 mg spaced 8 to 12 hours apart 
via nebulizer via endotracheal tube), bronchial smooth muscle tissue excised and the number 
of adenosine Aj and adenosine A^ receptors determined as reported in Nyce & Metzger 
(1997). 

(iv) Specificity of Oligo I 

for Target Gene Product 

Oligo I is specific for the adenosine Aj receptor whereas its mismatch controls had 
no activity. Figure 1 depicts the results obtained from the cross-over experunent described 
in (5)(d)(ii) above and in Nyce & Metzger (1997). As may be seen from the top and lower 
panels of Figure 1, the two mismatch controls evidence no effect on the PQ 

0 Adenosine vaiuw. 
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On the contrary, the adniinistration of Oligo I (SEQ. ID NO: 1); EPI 2010) shows a seven- 
fold mcrease in the PCjo Adenosine value. The results shown in Figure 1 above clearly indicate 
that Oligo I (SEQ. ID NO: 1; EPI 2010) reduces the response (attenuates the sensitivity) to 
exogenously administered adenosine when compared with a saline control. The results 
provided in Table 2 above clearly establish that the effect of the Oligo I is dose dependent 
(see, column 3 of Table 1). 

Oligo I was also shown to be totally specific for the adenosine Aj receptor, (see, top 
3 rows), inducing no activity at either the closely related adenosine receptor (see. Figure 
2, right hand panel), or the bradykinin receptor (see, lines 8-10 of Table 1 above). 

In addition, the results shown in Table 2 and Figure 2 establish that anti-sense oligo 
I decreases sensitivity to adenosine in a dose dependent manner, and that it does this in an 
anti-sense-dependent manner since neither of two mismatch control oligonucleotides show 
any effect on PC50 Adenosine values or on the number of attenuation of adenosine Aj receptors. 

(v) Effect on Aeroallergen-induced 

Bronchoconstriction & Innaimnation 
Oligo I was shown to significantly reduce the histamine-induced effect in the rabbit 

model when compared to the mismatch oligos. Figure 3 shows the effect of anti-sense Oligo 

I and the mismatch oligos on allergen-induced airway obstruction and bronchial 

hyperresponsiveness in allergic rabbits. Panels (a), (b), (c) and (d) represent the following. 

Panel (a) shows the effect of Oligo I (AiAS; SEQ. ID N0:1) on allergen- 
induced airway obstruction. As calculated from the area under the curve, the 
Oligo I significantly inhibited allergen-induced airway obstruction (55%, 
p<0.05; repeated measures ANOVA, and Tukey's t test). Compare with 
panel (b) for Mismatch Control A^MM. 

Panel (b) shows the lack of effect of the Mismatch Control A^MM on 
allergen induced airway obstruction. 

Panel (c) shows the effect of the OUgo I (AjAS; SEQ. ID N0:1) on allergen- 
induced BHR. As calculated from the PC50 Histamine value,(AiAS), the anti- 
sense oligo I significantly inhibited allergen-induced BHR in allergic rabbits 
(61%, p<0.05; repeated measures ANOVA, Tukey's t test). Compare with 
Panel (d) for Mismatch Control AiMM. 

Panel (d) shows a lack of effect of the Mismatch Control A^MM on 
allergen-induced BHR. 

The results shown in Figure 3, panel (a), indicate that Oligo I (SEQ. ID NO: 1; EPI 
2010) is effective to protect against aeroallergen-induced bronchoconstriction (house dust 
mite). In addition, Oligo I was also found to be a potent inhibitor of dust mite-induced 
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bronchial hyper responsiveness, as shown by its effects upon histamine sensitivity (panel(c)), 
indicating anti inflammatory activity for Oligo I. ' 

(vi) " Anti-sense Oligo I is Free 

of Deleterious Side Effects 

Oligo I was shown to be free of side effects that might be toxic to the recipient. No 
changes in arterial blood pressure, cardiac output, stroke volume, heart rate, total peripheral 
resistance or heart contractility (dPdT) were observed following administration of 2.0 or 20 
mg Oligo I. Figure 4 shows the results of the measurement of cardiac output (CO), stroke 
volume (SV), mean arterial pressure (MAP), heart rate (HR), total peripheral resistance 
(TPR), and contractility (dPdT) with a Cardiomax™ apparatus (Columbus Instruments, 
Ohio). 

These results evidence that Oligo I has no detrimental effect upon critical 
cardiovascular parameters. More particularly, this oligo does not cause hypotension. This 
finding is of particular importance because other phosphorothioate anti-sense 
oligonucleotides have been shown in the past to induce hypotension in some model systems. 
Furthermore, the adenosine A, receptor plays an important role in sinoatrial conduction 
within the heart. Attenuation of the adenosine Ai receptor by anti-sense oligo I might be 
expected to result, therefore, in deleterious extrapulmonary activity in response to the 
dowiu-egulation of the receptor. This is not the case. Oligo I does not produce any 
deleterious extrapulmonary effects and renders the administration of the low doses of the 
present anti-sense oligo free of unexpected, undesirable side effects. 

This demonstrates that when Oligo I is administered directly to the lung, it does not 
reach the heart in significant quantities to cause deleterious effects. This is in contrast to 
traditional adenosine receptor antagonists like theophylline which do escape the lung and can 
cause deleterious, even life-threatening effects outside the lung. 

(vii) Long Lasting Effect of Oligo I 

Oligo I evidenced a long lasting effect as evidenced by the PQo Resistance 
values obtained upon its administration prior to adenosine challenge. Figures 5 and 6 show 
the values obtained. 

Figure 5 shows the duration of the effect, with respect to the PQo of adenosine, of 
anti-sense Oligo I when administered in four equal doses of 5 mg each by means of a 
nebulizer via an endotracheal tube, as described above. The effect of the agent is significant 
over days 1 to 6.8 after administration. When the effect of the Oligo I had disappeared, the 
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animals were administered saline aerosols (controls), and the PC50 Adenosine values Jbr all 
animals were measured again. Saline-treated animals showed base line PQo adenosirie values 



Figure 6 shows the duration of the effect (with respect to Resistance) for six allergic 
rabbits which were administered 20 mg Oligo I (SEQ. ID NO: 1) as described above, upon 
airway resistance measured as also described above. The mean calculated duration of effect 
was 6.8 days for both PC50 adenosine (p<0.05) and resistance (p<0.05). These results 
show that anti-sense oligo I has an extremely long duration of action, which is completely 
unexpected. 

(b) Anti-sense Oligo V 
(i) Prior Work 

Information on Oligo V, targeted to a bradykinin receptor mRNA, was provided 
in Nyce & Metzger (1997), supra (copy enclosed), which is summarized below. 

(1) Reduces the number of adenosine receptors in the bronchial 
smooth muscle of allergic rabbits in a dose-dependent manner. See, 
Table 1 of Nyce & Metzger (1997). 

(2) As expected, because it was designed to target it, Oligo V is totally 
specific for the bradykinin B2 receptor, and has no effect at all at any 
dose on the related adenosine Ai receptor. See, Table 1 of Nyce & 
Metzger (1997) and Table 1 above. 

(3) Mismatch Control oUgo BjMM (See, (5)(a)(i) above and Col. 1, 
page 725 of Nyce & Metzger (1997)), designed to have identical base 
composition and molecular weight but differed from the anti-sense 
Oligo V by 6 mismatches lacked any effect upon the targeted B2 
receptor. See, Table 1 above and Figure 3 of Nyce & Metzger 

(1997). . . t., 

These results, along with a complete lack of prior art on the use of respurable anti- 
sense oligonucleotides, such as Oligo V, targeted to the bradykinin receptor, are clearly 
unexpected results. More generally, the respirable anti-sense oligonucleotides of the 
invention which are directed to airway diseases or conditions exhibiting bronchoconstriction 
and/or inflammation, which are specifically designed to be specific for receptor lung targets, 
particularly targets associated with asthma, are not only unobvious over the art at large, but 
have been broadly enabled by the prior work reported in the above-identified application, 
the work reported in Nyce &. Metzger (1997), and the further work reported here. These 
collective showings clearly enable and show the effectiveness, for their intended use, of the 
claimed agent and method for reducing or treating breathing impediments, 
bronchoconstriction and/or lung inflammation. 



(n=6). 
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(ii) Oligo V Significantly Reduces _ 
Number of Bradykinin B2 Receptors r 

The receptor binding experiment is described in Section (5)(g), and the results shown 

in Table 1 of Nyce & Metzger (1997), which provide the binding characteristics of the 

adenosine Aj-selective ligand [jHJDPCPX and the bradykinin Bz-selective ligand [^H]NPC 

17731 in membranes isolated from airway smooth muscle of Ai adenosine receptor and B2 

bradykinm receptor anti-sense and mismatch-treated allergic rabbits. Oligo V significantly 

decreased the number of bradykinin B2 receptors but had no effect on the number of 

adenosine Ai receptors. 

(iii) Specificity of Oligo V 
for Target Gene Product 

Oligo V is specific for the bradykinin B, receptor whereas its mismatch control has 

no activity, as shown by the results shown in Table 1 above in Nyce & Metzger (1997). The 

results clearly establish that the effect of the anti-sense oligo VI is dose dependent . See, 

column 3 of Table 1 above. 

Oligo I was also shown to be totally specific for the bradykmin Bj receptor (See, 
Column 3, lines 8-10 of Table 1 of Nyce & Metzger (1997) evidencing no effect on 
adenosine receptor number. 

In addition, the results shown in Table 1 clearly establish that Oligo V counters or 
decreases the number of bradykinin receptors in a dose dependent manner, and that it does 
this in an anti-sense-dependent manner since the mismatch control oligonucleotide showed 
no effect on the number of bradykinin B2 receptors. 

(c) Anti-sense Oligo II 

Oligo II, targeted to a different region of the adenosine Aj receptor mRNA, was 
found to be highly active against the adenosine Aj-mediated effects. The results of the 
experiment are shown in Figure 7, which evidences the effect of anti-sense oligo 11 (EPI 
2014) upon compliance (top figure) and resistance (lower figure) values when 20 mg anti- 
sense oligo n were administered to allergic rabbits as described above, and compliance and 
resistance values measured following an administration of adenosine as described above in 
(5)(g). Significant at p < 0.05 using paired t test, compliance; p < 0.01 for resistance. 

The results of Figure 7 show that Oligo H, which targets the adenosine receptor, 
effectively maintains compliance and reduces resistance upon adenosme challenge. 
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(d) Anti-sense Oligos III and VI 

(i) Anti-adenosine A3 Receptor Activity 

Oligoif in and VI were shown to be in fact specifically targeted to the adenosine A3 
receptor by their effect on reducing inflammation and the number of inflammatory cells 
present upon separate administration of 20 mg of the Oligos III and VI to allergic rabbits 
as described above. The number of inflammatory cells was determined in their bronchial 
lavage fluid 3 hours later by counting at least 100 viable cells per lavage. The data are 
provided in Figure 8. 

Figure 8 shows the effect of Oligos III (EPI 2047) and VI (EPI 2046) upon 
granulocytes (top figure), and upon total cells in bronchial lavage (lower figure), following 
exposure to dust mite allergen. The results of Figure 8 show that Oligos HI and VI are very 
potent anti-inflammatory agents m lung diseases, such as asthma, following exposure to dust 
mite allergen. As is known in the art, granulocytes, especially eosinophils, are the primary 
inflammatory cells of lung diseases, such as asthma, and the administration of Oligos in and 
VI reduced their mmibers by 40% and 66%, respectively. Furthermore, Oligos III and VI 
also reduced the total number of cells in the bronchial lavage fluid by 40% and 80%, 
respectively. This is also an important indicator of anti-inflammatory activity by the present 
anti-adenosine A3 agents of the invention. Inflammation is known to underlie bronchial 
hyperresponsiveness and allergen-induced bronchoconstriction in asthma. Both Oligos III 
and VI, which are targeted to different regions of the adenosine A3 receptor, are 
representative of an important new class of anti-inflammatory agents which may be designed 
to specifically target the lung receptors of each species. 

(ii) Greater Anti-adenosine A3 Receptor Activity 
the Lower the Adenosine Content of Oligo 

Oligo in contains 2 adenosines per 15 nucleotide or 13.3% adenosine whereas Oligo 

VI contains 1 adenosine per 20 nucleotide or 5% adenosine, which is an adenosine content 

substantially lower than that of Oligo IE. Figure 8 permits a side-by-side comparison of the 

effect of these two oligos on the number of granulocytes, primary inflammatory cells in lung 

diseases such as asthma, and total number of cells in the bronchial lavage fluid collected. 

Although bodi oligos are highly effective in reducing the number of granulocytes when 

compared with control, Oligo VI is significantly more effective in down-regulating the 

adenosine A3 receptor than is Oligo HI. The comparative data are shown in Table 3 below. 
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Table 3 : Side-by-side Comparison of 
Oligos III and VI Activities 

Anti-sense Oligo (Jranulocyte* Total Bronchial' 

Decrease Lavage Cell Decrease 

(%) (%) 

in 40 40 

VI 66 80 

• Significantly different from control and from one another, p< 0.05. 



Thus, in a side-by-side comparison, all other variables being equal, a 5% adenosine- 
containing oligo (Oligo VI) showed a reduction in granulocyte content with respect to 
control of 66% when compared with only 40% for a 13.3% adenosine-containing oligo 
(Oligo III). In addition, the 5% adenosine-containing oligo (Oligo VI) showed an 80% 
reduction in total bronchial lavage fluid cells as compared with only 40% for the 13.3% 
adenosine-containing oligo (Oligo III). Thus, the lower the adenosine content of an 
oligonucleotide, the greater its activity for down-regulating its target. 

(e) Anti-sense Oligo IV 

The anti-sense oligo IV, targeted to the adenosine Aj^ adenosine receptor mRNA was 
shown to be effective at reducing the number of adenosine A2b receptors present as shown 
in Figure 9. 

(f) Anti-sense Oligo V 

Anti-sense oligo V, targeted to the bradykinin Bj receptor mRNA, was shown to 
reduce the number of bradykinin B2 receptors, and to do so in a dose dependent and specific 
manner. 

(7) Adenosine-free Oligo Affords Higher Degree of 
Compliance vs. Adenosine-containing Oligo 

(a) Adenosine as Bronchconstricting Agent 

Adenosine is a purine which contributes to intermediary metabolism and participates 
in the regulation of physiological activity. It is, therefore, a recognized neuromodulator 
which is involved in many local regulatory mechanisms, particularly at central nervous 
system (CNS) synapses and at peripheral neuroeffector junctions. In the CNS, adenosine is 
known to inhibit the release of a variety of neurotransmitters, such as noradrenaline. 



PATENT 



19 



P66 39257 



PATENT 



serotonin, gamma amino butyric acid (GABA), acetylcholine, dopamine, glutamate, etc., 
as well as to inhibit neurotransmission, to depress neuronal firing, to induce' spinal 
analgesia, and to possess anxiolytic properties. In the heart, adenosine is known to slow 
atrioventricular (AV) conduction, to suppress pacemaker activity, to modulate 
antiarrhythmias, to modulate autonomic control, and to trigger the synthesis and release of 
prostaglandins. It also possesses potent vasodilatory effects and modulates vascular tone. 

As a therapeutic agent, adenosine has been applied to the treatment of arryhthmias, 
particularly in the treatment of supraventricular tachycardia. However, many adverse effects 
of adenosine treatment have been reported in the literature. In particular, people with 
respiratory ailments such as asthmatic individuals show an extreme sensitivity to adenosine 
and adenosine monophosphate, and serious, near fatal induction of bronchospasm was 
observed when individuals with respiratory ailments such as asthmatic individuals, were 
administered adenosine for treating supraventricular tachycardia. Clearly, adenosine is 
contraindicated in the lungs of such persons. 

(b) Adenosine-containing Ollgos Break-down to Deoxyadenosine Monophosphate 
As is known in the art anti-sense oligos are typically composed of all four base pairs, 

adenine, guanine, cytosine and thymidine. The break-down of the adenosine containing 
oligos produces free deoxyadenosine monophosphate. In the hyperresponsive airways of a 
subject afflicted with a respiratory ailment this may bring about a significant undesirable 
reaction. 

Deoxyadenosine monophosphate differs from adenosine monophosphate only by the 
loss of an oxygen atom on the 2' carbon of the sugar moiety. Since receptor recognition 
typically involves the base rather than the sugar, I posited that the breakdown products of 
anti-sense oligonucleotides that contain adenosine would include deoxyadenosine 
monophosphate which may produce bronchoconstrictor effects in asthmatic airways similar 
or identical to those well known for adenosine monophosphate. This is shown in Figure 9 
accompanying this Declaration. Figure 9 shows that aerosolized deoxyadenosine 
monophosphate is a potent bronchoconstrictor in asthmatic airways of allergic rabbits, and 
that this effect is cquipotent to th at observed for adenosine monophosphate . 

(c) Adenosine-free Oligos (Randomers) Evidence Higher 
Degree of Compliance than Adenosine-containing Oligos 

A randomly distributed phosphorothioate 21-mer oligo was made which consisted 
of 33% adenosine, 33% cytidine and 33% guanine in a random configuration (Adenosine- 
containing ODN). When administered as an aerosol, this adenosine containing randomer was 
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found to produce potent bronchoconstrictor effects in hyperreactive airways of asthmatic 
rabbits when administered as described above, as shown in Figure 10 accompanyifig this 
Declaration. A' second oligaused in this study was a randomly distributed phosphorothioate 
21-mer anti-sense oligo which consisted of 33% thymidine, 33% guanine and 33% cytosine 
(Adenosine-free ODN) produced and administered in the same manner. The des-adenosine 
randomer produced no detectable bronchoconstrictor or other effect in the hyperreactive 
airways of these animals. Figure 10 shows that a bonchoconstrictor effect was produced by 
the adenosine containing phosphorothioate oligo (Adenosine-containing ODN), but not by 
the de5-adenosine oligo (Adenosine-fi-ee ODN), when bronchoconstriction was measured as 
% change in bronchial compliance. In this experiment, each group consisted of two allergic 
rabbits, and data shown are for the period following the second of 2 daily administrations 
of 5 mg of aerosolized anti-sense oligo (ODN in the Figure) by nebulizer. The difference 
in the results obtained with the two randomers was found to be statistically significant, 
p<0.05 . 

These experiments demonstrate that when adenosine-containing anti-sense 
oligonucleotides are administered into the airways of subjects with respiratory ailments, even 
when modified by slow in vivo degradation, they produce adenosine metabolites capable of 
potent bronchoconstriction. I, therefore, surmised it would be beneficial to produce anti- 
sense oligos with lower adenosine content, and that anti-sense oligos with reduced adenosine 
content or even free of adenosine (des-adenosine oligos) would be far superior than those 
with a higher adenosine content for administration to the airways of subjects with respiratory 
ailments, such as asthmatic patients. These experiments confirm the experimental data 
provided above showing the greater effectiveness of a low adenosine-containing oligo (EPI 
2046; 5% A) when compared with a higher adenosine-containing counterpart (EPI 2047; 



(8) Conclusions 

The work described and results discussed above indicate that each of the six anti- 
sense oligonucleotides designed in accordance with the teachings of the above-identified 
application, two targeting an adenosine A, receptor mRNA, one targeting an adenosine Ajb 
receptor mRNA, one targeting a bradykinin Bj and two targeting an A3 receptor mRNA, are 
effective at reducing the number of receptors and at attenuating effects mediated by the 
receptors they are targeted to. 

This represents 100% success in providing agents that are highly effective in the 
treatment of bronchoconstriction and/or inflammation. This invention is applicable in 
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the seme maiui^ to aD wRNAs cucodtaB receptors associated witli sdr^^ ailmetrta 
characteriied by bmuiuog difflcuhles, b»t)nchocoiistriction allergy and/or \ut^ 



inflammatioa. 

Finally, ihe experimencal results provided above also show the superior activity and 
effectiveness evidenced by agents of ihe invention having a lower adenosine content when 
compared with their coumerparts having a higher adeaosine content. 

All resuta presented also show that die administration of the present agents lesuhs 
in extremely low or ooa-existent deleterious extra pulmonary aide effects or toxicity when 
administered directly into the Airways of a subject. 

These are dearly superior results which could not have been expectBd based on the 
knowledge of the art at tiie dme of this invention. The expciimental data and resuhs 
provided are clearly enabling of a new c1a»8 of agents congjrisnig olignnucieotides Urgeted 
to receptors associated with airway ailments characteriaKi by breathing difficuldefi, 
bronchoconstriction and/or infilammation. 

(9) I harrty declare that all statements made herein of my own knowledge are 
mie. and tiiat all atetements made on infbfmation and belief are believed to be true; and that 
these statements ate made with the knowledge that willful false statements aiKi die like are 
punishable by fine or impHsonment, ta both, under § 1001 of Title IS of the United States 
Code and that such willfid false statements may jcwpardize die validity of the application of 
tmy patent issuing tl^reon. 

(10) Dedarantfurthcr saythrvt. 
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Washington, D C 20231 

JonaihanW. Nyce. Ph. D , hereby declares as foUowj. 

(1) I am the sole inventor In the ahovc-idcnilfled application. 

(2) I have read tht- hhcvc-idcntified patent application and the Office Action of 
Ottnl)cr 1. 10^7, ajKJ t:nderstand its contcms. Claima 1-34 were rejected because, in the 
eArtiiiiiier'si vitfw, the specificHiion is noi broadly enabling of metbcvSi for reducing or 
treatlitg a rr-spiiatory disease nr condiliun 

<3) OhJftrtiYf 

The present work wa.s conducted :o demonstrate that the present invention is broadly 
applicable to anti-sense oligomjckoUdcs ("oligcw") ipecifie to the adenosine Aj receptor 
mRNAs. 

(4) DeTClopmcnt 

The following experunenul study was conducted hy me. or under my supervision, 
to show that the method of the invention is broadly juitablc for use with anti-sense oligos 
designed as uught by this application and Urgeted to adeaostoc A, rwKptor mRNAa. 
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Anti-sense Oligo I was disclosed In the above-identified paten: application, ror tlic 
present work, an additiooal anti-sense phosplioroihioatc oligo targeted lo ilic adenosine A, ' 
receptor (OliSO D) was designed aod tested, as described in the above -idenlifBd patent 
applicution. 'ITiis anti-sense olij{o was desiiped Itor therapy on a selected species as described 
in the above pateiW application and is getierally specific for that species, unfess the segment 
of tlie adenosine A, receptor mRNA of another species selected for treatment happens to 
have a similar sequence. The anti sense oligo was prepared as described below, and tested 
in vivo in a rabbit model for respiratory dUcwts, including bronchocoDBtriction, 
inflammation and allcrgy.This animal model ia widely recognized by the scicntifx 
community as appropriate tor testing therapies which will then be applied to humans who 
have breathing difficulties and impeded lung airways , as is tb« cfise iu asthma and other 
coDdltioflS, as described in the above- identified application. 



(S) Msibadi 

(a) Antl-eensc DNA 

One oligo and its therapeutic effect were studied in a rabbit model and the results of 
these studies are reported and discussed below. This oligo was selected for this study to 
coraplcmcni the data on SEQ ID NO: 1 (Oligo 1), which iJ anti-sense to the adenosine A, 
receptor mRNA. provided in the ahove-identitkd patent application. The olijjos, wLicJi arc 
anri-scnsc to the adenosine A, receptor mRNA aie idciilificd as aiili -sense OUgo 1 (SEQ ID 
NO: 1) and Oligo II (new oligo), which 1$ a fitigmem targeted to a different region of the 
adenosine A, receptor inRKA. The design arid synthesis of these anil-sense oligos was 
performed in accordance with the teachings of the above-idcntificd patent application, 
panicularly of Exaii^le 1. 

(I) Antl-sentie Otigu I Thi; above-identified application 
disclosed anu-scnse olifionucleoiide I to the human Ai adenosirvj 
receptor mJlNA (EPI 2010, SEQ. ID NO: I). Anti-sense OlifiO I li 
21 nucleotide long, overlaps Sic initiation codon, and has the 
following $e<juerKc. 

5'- GAT GGA GGG CGG CAT GGC GOG -3' 

The oligo I was previously shown to abrogate die adenosine-indiwed 
bnonchoconstriction in allergic raW>it.s, and m rediav; allergen-induced 
airway obstruction and bronchial hyperre$pon6ivencs6 (BHR). See, 

2 
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Nycc. J. W. & Mctzger. W. J., Nature, 345:721 (1977), u copy of 
wbich is eiclosed. > 

' (ID Antirscnse OUgo 11: A phosphorothioate aod-seiue ollgo 
(EPI 2014) was designed in accorduice with the invention to tacget 
the rabbit atlenosmc Ai receptor mRNA region +936 to -+956 
relative to the initiation codon (start site). The anti-sense oligo H is 
21 niKleotide long, >Qd has the following sequence. 

5 ' -CTC GTC GCC GTC GCC GCC GGG-3 ' 

(m) Aj Mismatch OUgos: Two Oifferent mismatcbe*! 
oligonucleotides having the fcliowiag aequence^ were ased as 
controls for anti-scmc oligo I (SEQ. ID NO: I) described in (a) 
above. 

A, MM 5'-GTA GOT OOCIjGGCAAGOC GGG-3' 
Ai MM2 5' GAT GGA GGC GGG CAT GGC GGG-3* 



Anti-sense oligo I and die two tnlsmaich nnti-.scnse oligos had 
identical base content ml g«aeral ficquoncd strvcture. Homology 
searches in GENBANK (release 85.0) and EMBL (release 40.O) 
indicated Chat the anti-sense olico i was specific, not only for the 
faunua, but alsu fur (he rabbit, adenosine A, receptor genes, and that 
the mismatched wotiols were not candidates for hybridization wi:h 
any known human or animal gene sequence. 

(IV) CoDtrt)Is: Having established that mismstxh -treated animals 
wex equivitlc-jit to salins-mated animalti, saline uas used as the 
control while for Anti-sc35e Ol:go 11, control rabbit* were 
administered 5.0 ml aerosolized sterile saline foliovfing the same 
schedule as for the anti sense oligos in (li;, (111), and (IV) above. 



<h) .Synthesis of Anti-sense Oltgos 

Phosphnrorhioflie anii-icnsc oligos having the sequences described in (a) above, were 
iyrihcsizcd on an Applied Binsystems Model 296 Oligoni^clcoiidc Synthesizer, and purified 
u«;ing NENSORB chronnatDgraphy (DuPom. DE) TF.TD (tetrHcthylihJunuD disulfide) was 
U-sed aK the fiulftirizing agent during the synthesii. Anti-sense oligonucleotide II (EPI 2014) 
was syntliesizcd and puriHed in thia manner. 

(c) Preparatloa of Allergk Rabbits 

Neonatal New Zealand white Pasrurella-free rabbits were immunized 
IniraperlioneaJly within 24 hours of birth with 0.5 ml of 312 antigen units/ml house dust 
mite (D. farinae) extract (Berk«l«y Blologicals, Berkeley, CA) mwed wich 10% kaolin os 
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previously described (MctzgCf, W. ). In; LaIc iTiisc Allergic Reactions, (Dorsch, W.. Ed.),— 
CRC Handbook, pp 347-362. CRC Press, Boca Rfllon. 1990; Ali, S., Meizger, W. J. mid' 
Mustafa, S. ").. Am. J. Rcsp. Crit. C«rc Med. 149, 908, 1994). Immuniyations were 
repeated weekly for the first month aad thcD biweeU> until the a^c of 4 niontbs. These 
rabbits prefereiuiilly produce ailergea sptxific IgB antibody, typicaliy respond to 
aeroallergen challenge with both an early and late-phase aslhraatic response, and show 
bronchial h>per responsiveness (BHR). Monthly intraperitoneal sdministration of allergen 
(V7 umts dust mite allergen, as above) continues to Btaaulate and maintair allergen specific 
IgE antibody and BHR. At 4 ironths of age, sensitized rabbits 'were prepared for aerusul 
administration as described by Ali et a]. (199J (Ali, S. , Metzger, W. J. and Mustab, S. J. , 
Am. J. Resp. Crit. Care Med. 149 (1991)). 

(d) Dose-response Siudies 

(0 Experlmeutat Setup 

Aerosols of either adenosine (0-20 mg/ml), or anti sense or one of two mismstch 
oligonucleotides (S nag/ax!) were separately prepared with an ultrasonic nebulizer (Model 
646, DeVilbiss, Somerset, PA), which produced aciosol droplets, 80% of which were 
smaller than S^m in dianK-ter. Cqua! volumes of the aerosols were admlttlsiered directly to 
the lungs via an intratracheal tube. 

The animals were nmdomized, and administered aerosolized adenosine. Day 1 pre- 
ireaimenr values fur seositivity to adcooslne were cal:uia&:d as the dose of adeaosine causiug 
a 50% loss of compliance (PC„ Adenosine). The animals were then adn:inistered either the 
Herusolized anti-seose or one of the oiismaich anti-.sense oligos via an intratracheal tube {5 
mj;./ 1 .0 ml), for 2 mltiutes, twiLc daily for 2 days (total dose, 20 mg). Post-lrcatmcnt PC^ 
values were nxordcd (posl-ireaimem ckjlienge) on the morning of the third day. The resulo! 
uf ttiese studies arc provided in (6)(aXiii) below. 

(ii) Crois-over Experiments 

For some experimentR uiihzing anti-sense Oligo I (SEQ ID NO: 1) and a 
corresponding miamatch oligonucleotide A,MM (CootroO. following a 2 week interval, tlic 
animals were crossed ovei-, w idi those pteviuuiily adminiiitcivd the mismatch control AMM, 
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now receiving the anti-sense Ollgo I, and tliosc previously treated with the anti-scnsc ollgp--"" 
I, now receiving tbc mismatch control A|MM digo. 

Tbe number of animals per group wa« as follows. For misniatdi A,MM (Control I). 
n-7, since one animal was lost in the second control arm of the experimc.^l due lo techiuca] 
difficulties, for mismatch A,MM2 n-4 (Conlrol 2> and for anti-seasc OUgo 1, n=8. The 
AjMM2 oliga treated animals were analyzed separately and were not part of tbc cross-ovsr 
exptfrimcni. The treatment methods and measurements employed followlog the cross-over 
were identical to those employed in the first arm of the experiment. 

In 6 or the 8 animals trestad with the ami-sense Oligo I (SHQ. ID NO: 1), no PCjo 
value could be obtained for adenosine doses of up to 20 mg/ml. which is the linui of 
solubility of adenosine. Accordingly, tbe PQn value* for thcac animals were assomed to he 
20 mg/ml for calculation purposes. The vahjes given, therefore, represent a minimum i^gurt 
for the effectiveness of the anti-sense oligonucleotides of the invention. Other groups of 
allergic rabbiu (n-4 for eacli group) were administered 0.5 or 0.05 mg doses of the anti- 
sense ollgo I (SEQ ID NO: 1), or the A, MM Control OUfio in the manner and according 
to the schedule described above (the total doses being 2,0 or 0.2 mg). The rcsulu of these 
smdies are provided in (6)(a)(iv) below. 

(e) Anti-sense OUgo Foimuiatlon 

Each one of the ami-sense oligos were separately solubilized m an aqueous solution 
ml admioistcrcd ai^ described for ami-sense oligo I In (c) above, tn four 5 mg aiiquots (20 
mg total dose) by means of a nebulizer vin crelotTacheal tube, as described above. 

The rcsulis obtained fur ami-sense oUgo I ai¥l its mismatch controls confirmed that 
the laisiTiatch controls are equivalent to saline. See, Table 1 of Nyce & Mctzgcr, NaWre 
385. 721-725. 1997. Because of thi« finding, saline was used as a control tor pulmynary 
ftjnctioa studies employing anti-.«m« oligoi II, UI and TW. 



(f) 
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Tissue fifom airway smooth muscle was dissected to primary, secondary and icniary^— ^- 
bronchi from rabbits which had been Bdministcrcd 20 mg Glign T (SEQ ID NO; 1; EPf 
2010) ia 4 divided doses over a period of 48 hours as described above. A racmbrauc 
fracdon whs prepared according to the rocthod of Ali et Bl. See, Aii. S. , ei al. . Am. J. R«p. 
cm. Care Med. 149.; 908 (1994). 

The protein content was determined by the method of Bradford and plasma 
membraoes were incubated with 0.2 U/ml adenosine deaminase for 30 miiiuics at 37 "C to 
remove endogenous adenosine. See. Bradford, M. M. Anal. Biod»em. 72, 240-254(1976) 
The binding of [»H]DPCPX. rHjNPC17731, or r'H]CGS-31680 was measared ta described 
by Jarvis et al. See, Jarvis, M.F., et al., Pharmacol, ExpU. Thor. 251. 888-893 {1989). The 
results of this study art shown In Table 1 and discussed in (6KaXi2) below. 

(g) PulnioDary Function Meamremoits 
(Compliance Cpyy and Resistance) 

At 4 momhs of age. the immuniad inin-.als were anesthetized and relaxed with 1 .5 
ml of a mixture of ketamirie HCI (3-^ mg/Tcg) and atepromazine maleate (1.3 mg/kg) 
adminiiitcred innmuscularly. Aflcr iixlucrinn of anesthesia, allergic labbitii were 
curnfonably positioned supine on a soft molded anim^i] board. Salve was applied to die eyes 
to prevent drying, and they were closed The animals were then intubatrd with a 4.0 mm 
intermediate high-low cuffed Muiphy 1 cndotraiiheal luhc (Mallinckrodt, Glen Falls. NY), 
as previously desc.-tbed by Zavak and Rhodes. See. Zavftin and Rhodes, Ptoc. Soc. Exp. 
Biol. Med. 144; 509-512 (1973). A polyethylene catheter of OD 2.4 mm (Bccton Dickinson, 
Clay Adams, Parsippany NJ) with an aiowhcd thin-walled latex ballonn was passed inia tU: 
iKOphagus and uuintained at the same distance (approximaicly 16 cm) from the mouth 
throughout die experiment. The endotracheal tuhc waa attached to a heated FltiscU 
pneumotach {si2e 00; DEM Medical, Richmond. VA). and the flow (v) mcawred usiog a 
Validyne differenliul pressure transducer (Model DP-4S-1^1927. Validync Engineering. 
Northridge. CA), driven by a Gould carrier amplifier (Mo<kl 1 141 1 3. Gould Elecironits*. 
Cleveland, OH). 

An est)phageal balltxin wa.-i aaached to oie side of the Validyne differenlial pressjir 
transducer, aiid the other side was attached to die outflow of the endotracheal tube to obtain 
transpulmonajy pressure (?^). The flow was integrated to yield a contltiuous tidal volume, 
and the mca.-niremcnfs oftnt.il lung resistance (RJ aul dynamic compliaocc (Cj-p) were made 
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at Isovolumetric and zero flow poinis. The flow, volume and prMsure were recoidcd on an 
eight channel Guutd 2000 W high frequency recorder and wan calculated using ihc lutal* 
volume and the differeoca in at eero flow, And . I\ -was ulculiued u tlx ratio of Ftp and 
V at midtidal Imur vohimes. These calculations wcic made automatically with tlie Buxco 
autoiTuted pulmcMSiry mechanics resplnatoiy analyzer (Model 6. Buxco Electronics, Shai-on. 
CI), as previously described by Giles et al. See, Giles ct al., Arch. Int. Pharmacodya. 
Ther. 194: 213-232 (1971). The results obtained upon administration of oligo n on allergic 
rabbits are shown and discussed in (6Xb) below. 

(h) Measurement of Bronchial Hyperrespoosivcncss (BUR) 

Each allet^gic rabbit was administered histamine by aerosol to detcrmtne their 
baseline hypenespoosivexiess. Aerosols of either saline or hiiitamine were generated using 
e DeVilblss nebulizer (DcVilbtss, Somerset, PA) for 30 seconds and tbcii lot 2 miauics al 
each dose employed. The ultrasonic nebulizer produced aerosol droplets of which 80% 
were <5 micron in diameter. The l^itumine aerosol wafi admini^ered in increasing 
coQceacratioos (0.1S6 to 80 rog/nil) and measurements of pulmonary iuoctioa were itMde 
after each dose The BHR was (hen deiemined by calculatin;! the coacentrabon of histamine 
(mg/ml) required to reduce flie C^^ 50% from baseline (PC^ H*iu..ii»)- 

(i) Cardiovascular Effect of Antl-seose Oilgo I 

The tneasuremem of cardiac output and other cardiovascular parameters liSing 
CaitHomax" utilizes the principal of ihemial dilution in which the change in temperature of 
ilie MikkI exiting the heart after i venous li\jcciioa of a known volume of cool saline is 
monitored. A single rapid injection of cool saline was made into the right ao-imn via 
caiL-iulatitm of the right jugular vein, and the corresponding changes m temperamre of the 
mixed injectate and blocxl in the aortic arch were recorded via caimulatioD of the carotid 
artery by a tenoperature-scusing miniprobe. 

T^'clvc hours after the allergic rabbits had been tieated willi aeru&cU oP oligo I (£PI 
2U10; SEQ. ID NO: 1) as described in (d) above, the ammals were aoesdictlzcd wiUi 0.3 
ml/lcg of 805^ Ketamine and 20% Xylazinc. This time point coincides with previous data 
showing efficacy for SEQ. ID NO: l. See. Nyce & Mctzger, (1997). A thermocouple was 
then inserted into the left carotid arter>' of each rabbit, and was then advanced 6.5 cm and 
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secured with a silk ligature. The right jugular vein was tlicn cannulatcd and a len£lh of 
polyethylcDc tubing was inserted and secured. 

A fhernudilution curve was then esublished on a Caidionm*" II (Columbus 
iBstnimcnts. Ohio) by injecting sterile saline at 20°C to determine the correcnwsi of 
pCKodoning of the UieriXMCouple probe. Af^er establishing th« vvrrcctocss of the position of 
the themwcoupk, the femoral artery and vein ware isolated. The femaral vein was used as 
a portal for drug injections, and the tieinoral artety for blood pressure and heart rate 
measuremenis. Once constant baseline cardiovascuiar parameters were cjubli5hed, 
Cardiomax"' measurements of blood pressure, heart rate, cardiac output, total peripheral 
resistanoe. and cardiac contractility were made. 

Q) Duration of Action of Olifo I 
(SEQ. ID NO: 1; EPI 2010) 

Eight aller^'ic rabbits received initially increasing log doses ofadenosiix by means 
of a nebulizer via an intra-tracheal tube as described in (0 above, bej^iiiniog with 0.156 
rag/Eol until compliance was reduced hy ^0% (PCjp ^,^^) to estahlish a baseline. Six of ibe 
rabbits then received four 5 nag aerosolized doses of (SEQ. ID NO: I; EPI 2010) as 
described above. Two rabbiw received cquivalei-.i aiiuiunis of sitlinc vehicle a» comrols. 
Beginning 18 hours after the last tJMtnicnt, the PC^ values were tested again. After 
this point, the measurements were continued for all ajiimils each day, for up tn 1 0 days. The 
results of this study are .'Jhown in Figures 5 and 6 and discussed in (6)(a)(vii) below, 

(6) Hfisiita 

(a) Antl-fiense Oligo I 
(i) Prior Work 

The nucleotide sequence and other data for Bnti sense OUgo I (SEQ. ID NO; 1). 
which is specific for the adenosine A, receptor, was provided in the original application. 
In addition, the application also contained experimeniaJ dau showing the effiectiveness of 
oHgo I In down regulating the receptor nuniber and activity. 

Further information on ami-sense OUgo I was provided in a publication by my 
group. See, Nyce, J. W.. and Mctzgcr. W. J . Ndturc 385:721 (1997) (copy enclosed). The 
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Nyce & Mcti^cr (1997) publication povkled dtca diowing that the antl-eense OUgg I (SEQ. 
ID hrO: 1): ' 

(1) Rc<Juces tbe number of adenosine A, receptors in the bronchial 
smooUi muscle of alleifilc wbbhs in a dose depcnJeni nunner. See 
Table 1 of Nyce &. Mct/gcr (1 997). 

(2) Attenuates adcnosinc-i.Tduccd bronchoccmsiriciion and allergen- 
induced bronchocoiuiriction. Sec, Figure 4 of Nvcc &. Meager 
(1997). / ^ 

(3) Anenuates bronchial hyperrcspocslyeness as measured by PC« 
histamine, a stirKkrJ meaiiureinenl to assess bronchial 
hypenesponsivcness. This result clearly demonstrates anti- 
inflanunatofy activity the anti-seose olico I. Se«, Flflure 4 of Nvce 
& Mctzgcr (1997). * . 

(4) As expected, because it was designed to tur^ci it, is totally specific 
for the adenosine A| receptor, ana has no effect at all at any doae on 
either ite very closely relfltot adenosifle Aj receptor or tbe related 
bradykinin B, rexptor. See. Table 1 of Nycc & Mclzgcr (1997), and 
Figure 2 accompanying this Declaration. 

(i) Mismatch control molecules (MMl and MM2; See. Figure 1 of Nycc 
& Metzger) had idcoiical base composition and molecular weight but 
diftcrcd from ftc anti sense oliio I (SEQ ID NO: I) by 6 and 2 
mismatches, respectively. These mismalchcs, which arc the 
mmimum possible while still rrLiiniiig identical >us<^ composition, 
produced absolutely no cffca upon any of the targeted receptors (\, 
Aj Of Bj). See, Figure I of Nyce & Metzger (1997). 

These results, along with a complete lack of prior art on the use of ami-sense 

oligonucleotides, such as olifio I, tarKcied to the aderwsinc A, receptor, show ti^ unexpeded 

results obtain by mc. More generally, the anti sense cligooucleotidcs of the invcnliou whjch 

are direaed lo adenosine rcccpror hicg targets, particularly targets associated with isthou, 

are not only unobvious over the art at large, but have been broadly enabled by (he prior 

work reponcd in the above-identified application, the work reported in Nyce & Metzger 

(1997). and the further work reportei] here. These collective showings clearly enable arxl 

show the efTectiveness, for their intended use. of the claimed agent and method for reducing 

01 ticaiiug btunchocoDstiictioo aou iuug iiJlaiuiiiaiiou. 

(ii) Oti^o I Sigmncanlly Rodum 
Response to Adenosine Ctullenge 

The receptor binding experiment is described in (5)(f) , and llie results shown in 
Figures 1 and 2 accompanying this Declaration, and in Table 1 below which .ihow.s ihc 
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binding cbaracteristics of the adenosine A, -selective li^d [sHjDPCPX and the brodykinin/ 
B,-aeloctive li^ond ['HJN'PC 17731 in memhnines isolated frcm aiiway smcMth muscle of A, 
adenosine receptor and B, bmdykinin receptor onti-acnsc- and mSsmatcli-lreuicd allergic 
tttbbixs. 

TflhlP !• Binding Characteristics of Three Anti-Sense OUgos 



Treatment' 



Aj receptor" 
5Z- 



^2 receptor 



0.2 rag 

A, MM (Cootrol) 

20 mg 
2ittg 



0.36±0.029nM 
0.3«-fc0.030tiM 
0.37t0.030nM 

0.34£O.O-27 nM 
0.37±O.033t)M 



lfe:l.52rraoles* 0.3?iO.03i tiM 
32±2.56 fmoles* 0.4H0.028nM 
49±3.43 fmolcs 0.34*0.024 nM 



15.5±1.08 fmolcs 
15. Oil. 06 ftiioifrs 

14.0*1.0 fmolcs 
14.6J.1.02 fmolcs 



52.0±3.64 
51 8z3.88 



0.35-fc0.024 oM 
0.3&£0.028 nM 



' Refers t« rou\ i\\\g<y »dintiiiitere<i In I'ov- •quivtlenlly divided dcuca over s 48 hour period. Trraiuirnu mil 
aaalysM wert performed as deicribc^I ia netbods S grificucc was dctennincd by re|H»ted-iDeasur» 8n&!ysis 
of vaiiince ^ANOVA), tnd Tuke>'» p™t»,;tod l t«sL n - 4-6 for nl groups. 

* Signiflcanily di;Yorent hx>m mismatch control- acii jolinc-trcitod groups. p^O.OOl; 

•'.Significanlly diffsrent rmm mismitch co.ntrol- md ulin« frc*ied groups, p<0.O5. 



(ili) Dose'response Effect of Oligo I 

Anti-sense OUgo I (SEQ ID NO: 1) u'w found to reduce the effect of adciwjinc 
adiuiniiitratioa tn the aninud in a dcse-dependent manner over the dose range tested as .ihown 
in Tabic 2 below ajid in Fii;,un: 2. 
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Table 2 i Do6e-Respoi»e Effect to Antl-sense Oligo I 



Totel Dose ammw 

(mg Adenosine) 



Anti-sense Oliso I 

0.2 8.32 ±7.2 

2,0 14.0±7.2 

20 19.3 ±0.34 

AjMM oliao (control) 

0.2 2.5l±C.46 

2.0 3.13±0.71 

20 5.2.53: 0.34 



TUc »tK>vc rciulta were found to be Mariwif aiiy (ilffereni under Uc Siudeul's paired t test, p-0.05 



Figure 2 hliows thac OUgo I. an aiui-adcuwinc K receptor oligo, acts specificaUy on 
the adenosine A, receptor, but nui on ilic idcnosine A, receptor. These results stem from 
the ucatmcn: of rabbits with anu-sensc oligo I or mismatch control oligo as described ir (3) 
(d)(i) above art! In Nycc & MeUger (1997) (fnur doses of 5 mg spaced 8 to 12 hours apart 
via nehun7fir via endotracheal tube), bronchial smooth muscle tissue excised lod the number 
of adenosine A, and adenosine A; twcptors deicrmincd as reported in Nyce & Metzger 
(1997). 



Ov) 



Sp«lf!clty of OUdo I 
w larset Gene Product 



OlisD 1 is specific for ibe adenosine \ receptor whereas its mismatch controls had 
no activit>'. Figure 1 depicts the roultJ obtained from the cross-over experiment described 
in (5)(dKii) above and in N>cc A Mct7.ger (1997). As may be seen from the top and lower 
panels of Figure 1, tbc two mismatch conlrols evidence no effect on the PC^ /v^p„i«. vahie. 
On th: contrary, the admlniatration of anti sense Olieo 1 (SEQ. ID NO: 1 ; EPl 2040) shows 
a «;ven.fold increase in the pcw a*— u- value. The results shown in Figure 1 above clearly 
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indicate that Bnti sense OUjo I (SEQ. ID NO: 1; EPI2010) reduce* the response (aiieniutes , — - 
the sensitivity) to exogcnously administered adenosine when compared wiih h saline conirol 
The results provided in Table 2 above clearly establish thit the effect of the anli-vrnjic nliyn 
I is dose dependent (see, colunin 3 of Table I ). 

OUgo 1 was also shown to he tntany gpeL-ific for the adenosine A, receptor, (sec, top 
3 rows), iolucing do activi^ m eitter the closely related adennsliw receptvtr (see, Pig-jrc 
2, right hand panel), or at the bradykinin Bj recepiur (data not sdiowii). 

In additioa, the results shown In Tahle 2 and Figure 1 e^iahrnih thai ami sense oligo 
1 decreases scnsicivUy to adenosine in a dose dependent manner, and diat it does this in an 
anti sensc-Gcpendent manner since neither of two mismatch control oligonucleotides show 
any effect on PC^ AjeaoiiM ^^'^ °^ °° number of adenosine A, receptors. 



(v) Effect on AeroaJkrgen-lnduced 

Bronchoconstiiction & Innammation 

Oiigo 1 was shown to sij^nificantly reduce the histamine-induced effect in the rabbit 

model when compared to the mismatch ol'gna Figure 3 shows the effect of anti-sense OUgo 

I and the mismatch oligos on allergen-iiiduceJ airway nhrtmction and bronchial 

hypcrrcfiponsivcnew in allergic rabbits. Piuelb (a), (b), (c) and (d) reprewnt ttic following 

Panel (a) shows die elTecl of auti-nciwc Olico i i\AS, SEQ- II> N0:1) on 
allergen-induced airway obstruction. As calculated from the area under Tbe 
curve, the anti-sense oliao I significantly inhibited allergen-induced airway 
obstruction (55%, p<0.05; repeated measures ANOVA, and Tukcy's t testy. 
Compare with parcel (b) for mismatch \MM Ol\go (control). 

Puisl (b) siKTws the ladt of KfTcci of the raisraatch Oligo A,MM (Control) on 
allerfen iruluced airway obstruction. 

Panel (c) shows the etlcct of the anti-scnsc OUgo I (A, AS; SEQ. ID NO:l) 
on allergen-induced BHR. As cakulaud from the PC„ value.(A,AS), 
the anti-sense oligo I significjjidy Inhibiusd allergen-induced QHR in allergic 
rabbits (<S1%, p<0.05; repeated measures ANOVA. Tukey'.^ i test). 
Compere with Pawl (d) for mismatch A,MM olijo (Control) 

Panel (d) shows a lack of ellect of the AjMM MisittMCh Control on 
allergen-induced BHR. 
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The results shown in Figure 3, panel (a), iiidicate that anti-sense OUgo 1 (S£Q. ID^r 
NO: 1; EPI 2010) is effective to protect Bgn\ns\ at^roallcrgen-induced broncbocnnstriction 
(huuse dust mite). In addlrion, anti-sense olign I was «hu found to be a poiem inlubitor of 
dust mite-induced bronchial hypvr tcsqponsiveness, as shown by iu effects upon histamtjie 
sensitivity (pane](c». indicating anti inflAmmatoiy activity for anii-sensc digo I. 



(vi) Anll-seiue OUso I is Free of Deleterious Side Effects 
Oliso I was shown to be free of side effects thar mi^tit be toxic to the recipient No 
changes in aiterial blood pressure, cardiac output, siruke volume, heart rate, total peiiphcral 
re$i£U(Qce or heart contractility (dPdl) m^uq obacired fuUowiog adiuinlstntiun of 2.0 ur 20 
mg Oligo I. Figure 4 shows the results of the measurement of cardiac output <C0), stroke 
volume (SV), mean arterial pressure (MAP), heart rate (HR), total peripheral resistance 
(TPR), and contractilit}' (dHdT) with a Cardioroax"' apparatus (Columbus Instruments , 
Ohio). 

These results evidence that Oligo I has no detrimental effect upon critical 
cardiovascular parameterb. More particularly, this oligo does not cause hypotension. This 
finding is of particular iinporuncc hccauac other phosphorothioaic anti-sense 
oligOQucleotides have been shown in the pa.st tn induce hypotension in some model sysienu . 
Purthermore. tbc adenosine receptor pl&ys an iraportanl role in sinoatrial cunduciioii 
within the heart. Auenuation of the adeiiotine Aj receptor by anti-scnsc oligo I mlghr be 
expected to result, therefore, in delctcnouu extntpulTnooaiy activity in rcspon«e to the 
duwnrcgulation of the receptor. This is net the case. The and-scnsc oligo T dncs not produce 
any deleterious extntpulmonaiy efFects and rei»lers the administration of the low dose; of 
the present anti-sense oligo free of xuiexpected, undesirable side effects. 

This deny>nstrBtes that when oligo I is admirustered dircvUy to the lung, it does not 
reach the hean In significam quantities to cause deleterious effects. This is in con:rast to 
traditional adenosine receptor aniagonistfi like theophylline which do escape the lur^ and can 
cause deleterious, even life -threatening efTects oulsida the luof. 

(▼11) Long Lasting Effect of OUgo I 

Oligo I evidenced a lung Utsting effect as evidenced by the PC^ adenosme and 
Resistance values obtained upon iti wloiiuistriition prior (o adenosine challenge. Figures S 
and 6 show the values obtained. 
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Fi^fc 5 shows the duration of the effect, with respect to the PC|< odenoaine of and- ^ 

sense OUgo I when Bdimnistcred in four equal doses of 5 each hy means of a ncliul'izcr ' 
via an endotracheal tube, as described above. The effect of the agent is significant over days 
1 to 8 after adminislrdiion. WIkd lb« efTect uf tht: iinti-sease oligo I had disappeared, the 
animaU were administered salii^ aerosoU (controb), and the PQo a.i.»iw values for all 
animals were measured again. Saline- treated animals showed base tine PC^ adenosine vahie.s 
(n-6). 

Fifiwre 6 shows the duration of the effcwt (with respect to Rcaistanee) for six allergic 
rabbits which were administered 20 mg orenti-scnsc Oligo I (SEQ. ID NO: 1) u described 
above, upon airway resistaiice measured as also described above. The mean calculated 
duration of e ffect wM j^^ays for both PQo flderosine (p<0.05> and resistance (p < 0.05). 
ThesrTeSuTts show that anti seniC oligo I has an eAtrenicly long duration of action (6.8 
days), which is conpltstely uneKpectad when compared to literature results of anti-sense 
oligonucleotides targeting other mRNA^. 

<b) Anti-sense Oiigo D 

Anti sense Ollgo IT, targeted to t different region of the adenosine Aj receptor 
mRNA. was fuural to be highl> Alive agalrisl <dcm)»inc A,-nitalJfltcd cffctUi. The rcsjlts 
of the experiment are shown in Figure 7, which evidences the effect of anti-sense Ollgo n 
(EPI 2014) upon compliance (lop Figure) and resistance (lower figure) values when 20 mg 
anti-sense oligo II were administered to allergic rabbits is described above, and compliance 
and resistance values n«asured following an administration of adenosine as described above 
in (5Xg). Signifitart at p < 0.05 using paired t test, compliance, p<0.01 for n»5»tante. 

The results of Figure 7 show that anti-sense OUgo II, which targets Ihc adenosine 
A, receptor, effectively maintabs compliance and reduces resistance upon adcnosicc 
chal;enge. 

(c) Condosions 

The worli (fescribtsd aj^ .-ttsulis disoused above indicate tliat die two oligonucleotides 
which are anti-sense to the adenosine A, receptor mRNA, designed li\ accordance with the 
tetachiufs of the abov^ Identified application, were found to be highly effective at oountering 
or reducbig eflfscis mediausl tlic receptors ihey are targeted to. That b, Uie two anii-scnse 
. oligos targeting an adenosine Aj receptor mUNA were shown capable of countering the 



14 



SFM BY:P.S. & P AND LAWYH?S ; .V2S-98 :10:52A.V ; 



LOS ANQELES. CA- 



8ia816228?-.?16 



P66 39255 



PATENT 



effect of cxogcnoualy administered adenosine which is inediat^l by iht specific receptor they ^—^^ 
are targcied to. 

Ir addition, the retulu presented also show that the administration of the preseni 
agents results in extremely low or non-existent deleterious side effecb oi toxicity. 

This repr«fieaits 100% »wxe»s In providing agents that are highly eTTectivt: uid 
specific in the treatment of broocfaocoastrictlon and/or inflammation. This Invfotlon Is 
applicable in the same manner to aD fr&gmeBts which are anti-4ense to adenosine A, 
receptor mRNAa. 

These are clearly euperioi resul{8 which could not have been expected ha.sed on the 
Itnowledge of the art at the time of this inventioa. The experimental data and results 
provided are clearly enabling of the tra^mcnt oligoaucleolidcs tai^eted to lung adenosine A] 
receptors described and claimed in the above-idenlifiwl applicHtion. 

(8) 7 hereby declare thai all statements made herein of my own knowledge are 
true, and thai all statcmcnu trudc on iaformation and belief are believed to be true; and that 
these RUtementfi are made with the knowledge r^ai willful false suremcnts and the like arc 
punishable by fbc or imprisonincm, or bodi. under § lOftl of Title 18 of die United States 
Code and that such willful false siBtemenls may jeopardize the validity of die application of 
any patent issviing thereon. 

(9) Declarant further sjyih not . 
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Figure 1 : EPI 2010 Data Summary from both anm of crowovw experiment 

PC$o Adenosine 
A Ai MM 2 Control AtAS 



Pre OON 


PoetODN 


Pr» ODN 


Post ODN 


Pre ODN 


Post ODN 


3 56* 1.02 


3 35-!- 0.34 


2 46 ±0.50 


2.81 ±0.70 


2.36 ±0.68 1 


>19.5 ±0.34-* 




' • 0 .. 



Figure 2. 
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Figure 3. 
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Figure 5. 



18 



SENT Br:P.S. & P A\D LAR7ERS : 3-25-98 :10:53A.M ; LOS ANCHfS. W- 91 381 62282 ;?20:?1 

EpiGenesis Duration Study Resistance Changes 

20 mg Ep!2010(n=6} 



09 



250 
225 -j 
200 
^ 175 ^ 
S 150 
125 

0) 



c 
U 

e 



100 
75 
50 n 
25 - 
0 



250 
225 



(5 200 

<^ 175 ^ 

i 150- 

«h 125 J 

S)ioo 

g 75^ 

5 50 

>e 25 -I 



3 3 
T3 TJ 



-3 -2 -1 



I 



■45'. 



«> CD 

c c 

10 (0 









J, 




-a;c 
\-" 








-if' 




. . ij. 






'V 










• 








P 




1 


2 


3 



Time (days) 
Saline (n=6) 



— I — 

3 4 



5S3S 



.1 



8 9 10 11 



5 6 7 8 9 10 11 

Time (days) FICUHE 6 



SENT RY:P.S. & P ANT) IKfmS : •'^-23-88 :10:S3AN : LOS ANGQfS. C.V aiS8l6228?:r'l.'21 



Compliance, Epi 2014 





lU 




0 - 




-10 - 




-20 - 


1 


-30 - 


0] 


-40 - 


c 






-50 - 








-60 - 




-70 - 



\ 



Saline 
Epi 2014 



0.1 S6 0.312 0.624 1.25 2.5 

Adenosine (mg/mL) 



5.0 



10.0 20.0 



Resistance, Epi 2014 




